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INTRODUCTION 
s ® 
From an agronomie standpoint the desirability of using high quality 
seed for planting purposes has long been recognized. °Yet, in the breed­
ing of forage grasses, 111 Lie attention has been given to improvement 
of any aspects of seed quality. In the last few years, however, one 
o 
aspect in particular, that of seed weight or size, has received in­
creased attention in several important grasses, including bromegrass. 
One reason for this interest in seed weight has been a oositive associa­
is  
tion between seed weight and vigor of emergence and early seedling growth 
noted by several investigators. Since successful stand establishment is 
often a limiting factor in forage production, improvement of seedling 
vigor through increased seed weight should alleviate this weakness. 
Another reason for considering seed weight is that it is a component of 
seed yield. Although forage production is of primary importance in 
breeding improved grass varieties, seed "yield also must be considered 
since seeding is the cheapest method of establishment for most grass 
species. In addition, the seed of some grasses, such as bromegrass, are 
very light and chaffy and difficult to handle. Thus, breeding heavier 
o ° 
seeded types should facilitate planting, harvesting and cleaning opera­
tions. 
In the present study, investigations were undertaken to explore 
o 
possibilities of breeding new varieties of bromegrass with increased 
seed weight. For this purpose, selected clones representing a number of 
o ® " 
germplasm sources and their inbred and outcross progenies were evaluated 
G 
with the following objectives in mind: o ° 
o 
1. To study the extent of genetic variability for seed weight in 
bromegrass. 
2. To determine relationships between seed weight and other seed 
and forage characteristics. 
3. To investigate in more detail the relationship between seed 
weight and seedling vigor attributes. 
4. To evaluate inbred progenies for seed weight and determine the 
extent of segregation and inbreeding effects and obtain heritability 
estimates for this trait. 
5. To study effectiveness of one cycle of recurrent selection for 
altering seed weight. 
6. To develop an optimum sampling procedure for measuring seed 
weights in clonal material. 
The results which were obtained and a discussion of their applica­
tion to a bromegrass breeding program are presented herein. 
REVIEW OF PERTINENT LITERATURE 
Literature pertaining to various aspects of forage crop improvement 
has been reviewed by a number of persons, so only that having a direct 
bearing upon present investigations is cited herein. General reviews of 
forage crop breeding research and theory have been presented by Johnson 
(28) and later, by Torrie (70). The history and present status of grass 
breeding have been extensively discussed by Hanson and Carnahan (17) and 
Smith (64). In the related fields of cytology and cytogenetics, Myers 
(54) and Atwood (l) have presented very comprehensive reviews. With 
regard to bromegrass, Hawk (19) reviewed the history, botany and breed­
ing results -orevious to 1948, while literature concerned with the cytol­
ogy of the species was reviewed by Schertz and Murphy (63). 
In this section literature pertaining to improvement of seed weight 
and other seed yield components will be discussed first, followed by a 
review of previous studies involving recurrent selection. In the last 
part a number of studies concerning associations between seed weight and 
seedling vigor are summarized. 
Improvement of Seed Yield and Its Components 
In discussing plant breeding for seed yield, Frankel (13) suggested 
that a clearer genetic picture may be obtained "by the resolution of a 
'character' into components." As an example, yield of wheat was resolved 
into number of ears per plant, number of grains per ear and weight of 
grain. By comparison, seed yield in bromegrass and other forage grasses 
may be considered to depend upon number of panicles oer plant or per 
o 
4 
°unit area, percentage of florets setting seed (fertility) and weight of 
individual seeds (seed weight). In breeding to improve forage species 
it is important, as Frandsen (12) has pointed out, (a) to know the por­
tion of variation due to heredity and that due to environment, (b) to 
investigate correlations between characters of spaced plants and those 
of their offspring grown in mass seedings and (c) to study mutual corre­
lations between different characters and between these characters and 
environmental factors. In this section literature pertaining to varia­
tion, inheritance and interrelationships of seed yield and its components 
will be discussed under these three respective headings. 
Variation 
The initial phases of a grass breeding program usually involve 
evaluation of space-planted materials for traits of interest in order 
to obtain estimates of the range in performance. In addition, it is 
important to know how much of the observed variation is due to heredity, 
since progress will be realized only when selection is based upon gene­
tic differences. Significant differences in performance,- as determined 
by analyses of variance, are often used as criteria for determining 
potentials of selection. However, a further refinement of this tech­
nique is the estimation of heritability in the "broad sense", which is 
the proportion of phenotypic variance that can be attributed to differ­
ences in genotype. Kalton (34) has discussed methods of calculating 
heritability in both the "broad sense" and "narrow sense" which are 
applicable to plant breeding studies. Before proceeding, it should be 
pointed out that terminology in this area is°by no means standardized 
o o 
and heritability in the broad sense is often referred to as percent 
genetic (or genotypic) variance. In this review, the terminology of 
the original author(s) will be given. 
For an extensive review of literature on quantitative inheritance 
in grasses, the reader is referred to Burton (8). Theoretical aspects 
of quantitative inheritance have been presented and discussed by Kemp-
thorne (37). A method of estimating heritability (broad sense) has been 
described by Burton and DeVane (9), and applied to data obtained from a 
study of 49 clonal lines of tall fescue. For seed yield, a heritabi­
lity of 0.76 was obtained when calculated on an entry mean basis. Ex­
pected gains from selection for seed yield were presented in the same 
paper. G-rennell (15) studied variation among a number of clones of 
bromegrass of "desirable" and "undesirable" phenotype. By the use of 
the above procedure, percentages of genetic variance for the two groups 
were found to be 9^.2 and 90*8$ for seed yield and 9^-3 and 95*7$ for 
fertility, respectively. Truscott (72) estimated percent genotypic 
variance among spaced plants within a number of bromegrass strains of 
differing origin. Using a similar procedure outlined by Lebsock and 
Kalton (44), he calculated estimates of 39. 16 and 68$ for seed yield, 
panicle rating and fertility, respectively. The above estimates are 
relatively high and indicate large genetic differences among spaced 
plants for the traits concerned. However, in solid stands differences 
may not be as evident. For example, Thomas and Kernkamp (69) reported 
heritabilities of 0 and 18$ for seed yield based upon data from a poly-
cross test which was seeded in solid rows and grown at two locations 
in Minnesota. 
In a space-planted, nursery of orchardgrass, Kalton ^ t al. (36) 
estimated the heritability (broad sense) of a number of traits based 
upon data for SQ clones and their 2^ progenies. Heritabilities for 
panicle number were negative or low. The authors concluded that en­
vironment was the major factor in determining plant-to-plant differences 
for this trait, as well as for forage yield. 
There are few published estimates of amount of genotypic variance 
for seed weight existing within a species or variety. However, signifi­
cant differences in clonal or strain performance have been reported in 
several native range grasses (39.^0) in intermediate wheatgrass (32,4-3) 
and in bromegrass (57,71). It would appear, therefore, that opportu­
nities for improvement of seed weight exist in these forage grasses. 
Inheritance 
For those traits which are considered to be relatively complex in 
inheritance, progeny testing is essential for proper evaluation. In 
this regard, progeny-parent regression values are often used to obtain 
estimates of heritability in the "narrow sense", which may be defined as 
the proportion of phenotypic variance that can be attributed to additive 
gene action (34). However, as Lush (48) has pointed out, in actual prac­
tice such estimates are probably intermediate between the theoretical 
expectations of the two types of heritability ratios. 
In forage crops, selected clones are usually evaluated for com­
bining ability by use of their outcross progenies. Concepts of combining 
ability were first developed in corn breeding research, and have been 
reviewed by Sprague (66). In forage crops, literature on combining 
o 
o 
7 
O o 
9 
ability as well as the problem of choice of a tester have been reviewed 
by Xalton et al. (35) • Knowles (41,42) and more receatly, by Nielson 
(55)• Most of the published reports have dealt with studies of combirir-
ing ability for forage production and its related attributes. That 
variation in combining ability for tnese traits exists in the forage 
grasses has been demonstrated by a number of studies (16,21,22,34,41,59)» 
Nielson (55) studied combining ability in bromegrass for the char­
acters: seed yield, panicle production, fertility and seed weight. 
Topcross progenies of 18 SQ clones and of 10 S^'S from each were evalua­
ted. On the basis of two years' data, significant differences were 
found among families for all traits. Evidence of segregation for com­
bining ability was found in 17, 15 and 11 families for seed yield, 
panicle production and fertility, respectively. S^ topcross progenies 
in four of the 18 families were evaluated for seed weight in both years, 
and significant differences in performance were found within each family. 
The regression of mean S-j_ topcross oerformance on Sq topcross perfor­
mance gave coefficients of 0.32, 0.38, 0.67 and 0.83 for seed yield, 
panicle production, seed weight and fertility, respectively. It was 
concluded that one could select for fertility among spaced plants, but 
to select for panicle production, progeny testing was recommended. In 
this regard, Truscott (72) reached a similar conclusion. 
Knowles (42) studied seed yields of a number of bromegrass clones 
and of their open-pollinated progenies, all of which were space planted. 
Progeny-parent regressions were low and non-significant. Mon-significant 
progeny-parent correlations were reported by Thomas and Kernkamp (69) 
in a study of seed yields of parental clones grown in a spaced planting 
o 
and. those of their polycross progenies in solid rows. 
For fertility, Ross and Adams (62) found a positive and significant 
correlation (r Z 0.6?) between fertility of a number of bromegrass clones 
and that of their outcross progenies. Raeber and Kalton (60) reported 
a heritability value of 49.based upon the regression of mean S^ per­
formance on the Sq mean in eight families. McDonald e_t al. (50) studied 
forage yield and a number of related traits of 4Q. clones and their inbred 
and open-pollinated progenies. Parent-progeny correlations for panicle 
score were 0.26 and 0.57 based upon performance of inbred and openr-
pollination progenies, respectively. Only the latter correlation was 
significant at the 5$ level. In this same study, parent-progeny corre­
lations for green forage yields ranged from 0.08 to 0.54. Performance 
of clones showed a higher association with"that of open-pollination 
progenies when the latter also were space-planted. In orchardgrass, 
Kalton e£ al. (36) noted that SQ and S^ correlations were higher for 
panicle production and for' a number of other traits when materials were 
grown in a replicated nursery than when grdVra in non-replicated nurseries. 
Kneebone (37) found a low but significant correlation (r = 0.34) 
between seed weight of a number of clones of sand bluestem and that of 
their progenies obtained by open-pollination. In intermediate wheat-
grass, Heinrichs (22) reported a correlation between mean sêed weight 
of 17 clonal lines and that of their polycross progenies which was 
positive and significant at the 1$ level (r = O.83). 
Inbred progenies are sometimes used in forage crop breeding to 
evaluate parental clones, study relative segregation for various traits, 
or provide variability for further selection. In perennial grasses, 
inbreeding usuttll^r results in a substantial decrease in performance 
both for forage and for seed production. Before completing this part 
of the review, a few references on inbreeding in bromegrass will be 
cited. 
Hawk (19) studied seed yield and other seed attributes of SQ, 
S]_ and Sg plants of 26 bromegrass selections. For seed yield, there 
were no significant differences among generations, but such differences 
were significant for seed weight and number of seeds per five open-
pollinated panicles. Average seed weight in the S^ generation was higher 
than that in the SQ or Sg generations which were about equal in perfor­
mance. However, average number of seeds per open-pollinated panicle 
was 126, 114 and 102 for the SQ, S]_ and SG generations, respectively. 
In connection with inbreeding depression, it might be noted that Wilsie 
et al. (73) found that S^ progeny means for forage yield were about 
50$ of those for corresponding open-pollinated progenies. Mcltonald 
et al. (50) found a mean reduction of 30$ in the S^ generation for 
forage yield and 18$ for panicle score, as compared to the S0 genera­
tion. Baeber and Kalton (60) studied fertility attributes of eight 
SG clones and of 10 S]_'s from each. In only one family was the S^ mean 
fertility above the SQ, while in the remaining families inbreeding de­
pression. ranged from 30$ to 50$.. 
Most studies have indicated a substantial range in performance 
among plants within inbred progenies. Swedish workers, for example, 
Julèn (33). have emphasized this variability as a source of superior 
genotypes. However, value of inbreeding in forage crop improvement 
© . 0 
is still a matter of controversy (64). In this regard, Nielson (55) 
concluded that inbreeding was of little value as a means of obtaining 
plants superior in combining ability for seed yield or its major com­
ponents. 
Interrelationships 
In selecting to improve seed yield, it is desirable to know which 
attributes or components are more important. In selecting to improve 
the components, interrelationships among these should be considered, as 
improvement in one attribute may have an adverse effect upon another. 
In this case the breeder must seek a compromise. 
Although seed weight is a component of seed yield," it contribution to 
total seed production may be less important than that of panicle produc­
tion or fertility. Both Nielson (55) and Truscott (72) have concluded 
that the latter two components are more important to final yield than 
seed weight, based upon correlations obtained. In this connection, 
Boss and Adams (62) and Lowe and Murphy (^7) reported high positive 
associations between seed yield and fertility. In both studies, correlar-
tions obtained were large enough to be of predictive value. On the basis 
of correlation coefficients obtained in reed canarygrass, Baltensperger 
and Kalton (2) concluded that panicle production could be used to predict 
relative seed yields. 
Among the components, namely, seed weight, fertility and panicle 
production, reported correlations have generally been negative or non­
significant. Nielson (55) found no significant associations and Tossell 
(71) reported a, non-significant association between seed weight and 
fertility. However, Truscott (72) found significant negative correlations 
o 
11 
between seed weight and panicle production. The correlations between 
fertility and panicle production were also negative and significant, 
while those between fertility and seed weight were variable but non­
significant. It night be expected that the nature of correlations 
among seed yield components would vary in different breeding materials 
and under different planting methods and conditions. 
Another consideration in improvement of seed yield is relationship 
to forage yield, as well as interrelationships among their components. 
Lowe and Murphy (4?) noted that bromegrass clones which were more vigor­
ous were often low in seed production. Truscott (?2) found no associa­
tion between forage yield and seed yield, panicle rating, fertility or 
seed weight. However, significant positive correlations between forage 
and seed yield were reported by Nielson (55) in bromegrass and Heinrichs 
(22) in intermediate wheatgrass. Knowles (42) was able to produce sev­
eral bromegrass synthetics which were equal or superior to a check 
variety in both forage and seed production. In reed canarygrass, 
Baltensperger and Kalton (2) evaluated a number of accessions for seed 
and forage yield in comparison with the variety, Ioreed. Several acces­
sions were superior to the latter in forage production, while all were 
superior in seed production. 
In bromegrass, G-rennell (15) found a positive phenotypic correla­
tion between fertility and hay vigor in one group of material and a 
negative correlation in a second group. Both were significant at the 
1$ level. Environmental correlations were non-significant, however. 
Tossell (71) found that mean seed weights of a number of bromegrass 
clones were positively associated with plant height (r = 0.24), but 
o 
uncorrelated with plant weight, spread or leafiness. In orchardgrass, 
Kalton et. al. (35) found strong positive associations between panicle 
production and forage yield and spring vigor score. Heinrichs (22) 
found no association between seed weight of clonal lines of intermediate 
wheatgrass and the following traits : plant density, plant height, leaf 
width and fineness of stem.' 
Recurrent Selection 
Recurrent selection has been suggested as a breeding method which 
may minimize limitations of most conventional jiethods. These limitations 
have been discussed by Sprague (66) and, briefly, are as follows: 
(a) the large number of genes involved in determination of agronomic 
performance, (b) the masking effect of environment, (c) complicated 
systems of gene interaction and (d) inadequate methods of evaluation. 
Utilization of recurrent selection in breeding of forage crops may be 
divided into three categories designated, according to Johnson's (29) 
terminology, as (a) recurrent selection for phenotypic characters, 
(b) recurrent selection for general combining ability and (c) recurrent 
selection for specific combining ability. 
Concepts of recurrent selection have been developed largely by 
corn breeders. Jenkins1 paper (27) published in 19^0, is considered 
to be the first detailed description of a recurrent selection method. 
In this paper, it was suggested that topcross progenies be used to 
evaluate S^ lines, and on the basis of this test, superior lines are 
selected and intercrossed to produce a synthetic variety. After this 
synthetic has been grown for one or two generations "for mixing", the 
procedure is repeated. A similar procedure was outlined by Hull (25) 
in 1945, only an inbred line was proposed for a tester. In this paper 
the terms, recurrent selection, was apparently used for the first time 
to describe this breeding procedure. 
Sprague and Brimhall (67) and later, Sprague _et_ al. (68) presented 
data comparing effectiveness of recurrent selection with that of in­
breeding in improvement of oil percentage in the corn kernel. At the 
end of two cycles of recurrent selection and four or five generations 
of inbreeding, recurrent selection was found to be more efficient by 
factors ranging from 1.3 to 3*0. However, it was pointed out that the 
comparison in efficiency underestimated the value of recurrent selec­
tion. The reason for this was that plants in this series were still 
quite variable, indicating that further progress could be obtained by 
continuing selection. On the other hand, genetic variability in each 
of the selfed families appeared to be exhausted. 
Lonnquist (45) and McGill and Lonnquist (51) studied effectiveness 
of recurrent selection in improving combining ability for yield. On 
the basis of data obtained, it was concluded that recurrent selection 
is equal or perhaps superior to continuous selfing in terms of effi­
ciency. In a later report (46), yield of a number of Syn-21s in the 
first and second cycles of recurrent selection were compared to that of 
a check. In terms of percentage of check performance, relative yields 
in the second cycle were 1456 higher than those in the first. 
In a study of a grouo of plants of sideoats grama, Harlan (16) 
recognized 18 different agronomic types, based upon growth habit, time 
of flowering, leaf type, stem size and basal spread. For each type, 
o O ° 
^ » 
14 plants were selected and allowed to intercross in isolation for the 
9 
first cycle of selection and 12 plants for the second cycle in order 
to study fixation of plant type. Considerable progress was made in 
fixation of the characters: broad leaves, narrow leaves, fine Or heavy 
stems and late flowering. 
Graumann (14) pointed out that the polycross method of testing 
provides new recombinations which could serve as source materials for 
a new cycle of selection. At the Nebraska Agricultural Experiment 
Station, polycross progenies which evolved from four cycles of selec­
tion for wilt resistance showed a net gain of 57% in resistance over 
that of the original plants. In each cycle wilt-resistant plants were 
chosen from the polycross progenies and intercrossed to provide recom­
binations for the next cycle. 
Johnson (29,30) has presented data on results of recurrent selec­
tion for general combining ability in the sweetclover variety, Madrid. 
In each cycle, open-pollinated progenies of a number of selected plants 
were evaluated for forage yield in the fall of the seedling year. S]_ 
progenies of 10 superior plants were then recombined to produce the 
Syn.-l of the next cycle. In two cycles of such selection the following 
yields were obtained: 
Mean Yield 
of Madrid) 
Open-pollinated progenies of: 
Original 62 plants 92 
10 selections for first cycle 116 
75 plants in Syn.-2, first cycle 121 
10 selections for second cycle 146 
55 plants in Syn.-2, second cycle • 152 
15 
The range in yields among the 55 plants tested in the second cycle 
was 110 to 220$ of that for Madrid, indicating that further advance 
could probably be made. 
Using the same 62 plants as in the previous study, Johnson and 
Goforth (32) studied the effect of four cycles of visual selection on 
plant vigor scores, growth habit and bloom date. In the third cycle, 
the average vigor rating was less than that in the Syn.-2 of the second 
cycle in the earlier study,' while 50 plants in the fourth cycle of this 
study yielded only 112^ of Madrid. Apparently, four cycles of visual or 
mass selection were not as effective in increasing combining ability as 
two cycles with progeny testing. A portion of this difference was 
attributed to negative associations between bloom date and spring vigor. 
Johnson and El Banna (31) presented data on four cycles of phenotypic 
recurrent selection for growth habit and plant vigor. In each cycle, 
10 plants were chosen from each of four classes of growth habit- and 
four classes of plant vigor ratings. Syn.-l recombinations became more 
distinctly separated in each successive cycle for various levels of 
vigor and growth habit. In the fourth cycle, • variation among plants 
within groups was reduced for growth habit, while variation for plant 
vigor remained relatively constant. However, heritability values were 
higher for growth habit than for plant vigor. 
Peacock and Wilsie (58) selected nine clones from New York Empire 
birdsfoot trefoil on the basis of resistance to ser-d shattering and other 
agronomic traits. Diallel crosses were made among these clones and the 
progenies evaluated for shattering resistance. For the progenies, the 
percentage of shattered pods was 33-8$ compared to 50.6$ for the 
o o 0  o ® 
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parenta^ variety. 
Seed Weight and Seedling Vigor 
Forty years ago, Kidd and West (38) reviewed the literature on 
relationship between seed size and subsequent plant growth and yield. 
One of the conclusions from this stirvey was that larger seeds give rise 
to more vigorous plants and higher yields. However, it was pointed out 
that the relationship might be complicated by hereditary factors. Some­
what later, Davies (10) studied a number of factors affecting establish­
ment in several grass species. A high positive correlation was reported 
between seed weight and stand establishment over all species and strains, 
but not all interspecific differences in stand establishment could be 
attributed to differences in seed size. Hunt (26) reported a positive 
correlation between seed weight and stand establishment among 27 strains 
of various grass species. It was suggested, however, that since strains 
with smaller seeds would have more seeds per pound, the correlation 
would be of little importance in forage production. 
More recently, Black published a series of papers on relationship 
of seed size to seedling performance in subterranean clover (4,5,6,7). 
In the early vegetative stages, dry weights ef seedlings, total leaf 
area and leaf numbers were proportional to seed size, but plants from 
each of three seed sizes studied grew at the same relative rate (4). 
When four separate seed sizes in each of three strains were planted, 
dry weights of the seedlings were linearly related to seed size, inde­
pendent of the strain (5). Under spaced-plant conditions, the dry 
weights of the plants were proportional to seed size from the first 
harvest in May, until the end. of the experiment in October (6). How­
ever, when grown in solid stands in the greenhouse, forage yields were 
proportional to seed side only during the early part of the season. 
Reductions in relative growth rates occurred first in the "large seed" 
swards- and finally, in the "small seed" swards. The author attributed 
these reductions to competition for light. The latest paper (?) is 
a report of comparisons among three different swards, one of which was 
sown with large seeds, one-with small seeds, and the third with equal 
numbers of both sizes. Swards were harvested five times during the first 
season. Number of plants in all swards decreased, on the average, 30^ 
between harvests. In the mixed swards, however, only plants from large 
seeds remained relatively constant. 
Kneeuone (39/ and Kneebone and Cremer (40 ) have studied the effect 
of differing seed sizes, as determined by hand screening, on emergence 
and subsequent seedling growth in a number of native range grasses. For 
sand bluestem, Kneebone (39) reported correlations of -9.55 and -0.44 . 
between seed size and seedling vigor ratings which were based on a scale 
of 1 to 9, with 1 being the most vigorous. In the same study, correla­
tion between seed size and seedling establishment was 0.88. Kngebone 
and Cremer (40) reported similar results,, but contrary to the findings 
of Black (4), noted that plants from larger seeds grew at a faster rate. 
In a greenhouse study, Hawk and Welch (20) found a correlation of 
0.90 between seed weight and stand counts in bromegrass. The stand 
counts were made four weeks after planting. Peace"(5?) studied seed 
and seedling weights in 21 strains of bromegrass in two different years. 
By the use of covariance analysis, phenotypic, genotypic and 
environmental correlations were calculated between seed weight and seed­
ling vigor. Phenotypic correlations were low in magnitude, while geno­
typic correlations were of the order of 0.75. Environmental correlations 
wars negative and significant nt. the 5^ level. 
The importance of seedling forage yields in relation to hay yields 
is still unestablished, if stands are adequate. However, it is inter­
esting to note that Hawk and Wilsie (21) have suggested that one might 
be able to select for forage production in the seedling stage, based 
upon their data for bromegrass. 
The relationship between seed weight and seedling vigor would be 
expected to vary under different environmental conditions, such as depth 
of planting. In this regard, Murphy and Arny (53) found no significant 
correlation between seed weight and percent emergence from depths of 
0, l/2, and*1 inch in 18 species of legumes and grasses. However, the 
correlation was positive and significant at depths of 2 and 3 inches. 
Similar seed weight-planting depth interactions have been reported, in 
bromegrass by Tossell (71) and McLeod (52), in crested wheatgrass by 
Bogler (6l), and in alfalfa by Erickson (11). However, Beveridge (3), 
working with alfalfa, found no consistent relationship between seed 
size and rate of or total emergence, but at any one depth, larger seeds 
tended to produce more vigorous seedlings. In intermediate wheatgrass, 
Lawrence (437 found no effect of seed weight on rate or amount of emer­
gence from five different depths. 
Not all the observed differences in seedling vigor, whether mea­
sured by weight or.emergence, can be attributed to differences in seed 
weight. This has been noted by Kneebone and Cremer (40) in native 
19 
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grass species, and by TosSell (71) in bromegrass. Peace (57) found 
significant differences among seedling forage yields adjusted for seed 
weight by analysis of covariance. Although Lawrence. (43) reported 
significant differences in meân seed weight among 24 clonal lines of 
bromegrass, and also, significant differences in total emergence, there 
was no relationship between these two attributes. 
Finally, it should be pointed out that differences in seed weight 
and in subsequent seedling performance may be caused by the relative 
maturity of harvested seed. McALister (49) harvested bromegrass seed 
at four stages of maturity, and later planted these in the-field. Seeds 
harvested in the pre-milk, milk and dough stages of maturity were in­
ferior to mature seeds when compared on the basis of seedling emergence. 
Hermann and Hermann (23) harvested seed of crested wheatgrass at seven 
stages of maturity. Seed weights and subsequent seedling emergence 
were found to be closely related to degree of maturity." 
<£0 
MATERIALS AND METHODS 
e 0 
Plant material used to initiate the present study consisted of two 
groups of bromegrass clones under investigation in the grass breeding 
program of the Iowa Agricultural Experiment Station. These clones had 
been selected previously on the basis of various agronomic characters 
but none had undergone any evaluation for seed weight. Selfed and out-
crossed seed from a polycross nursery of the first group and outcrossed 
seed from a topcross nursery of the second group served as the starting 
point for the initial investigation of extent of variation in seed 
weight. . Subsequent experiments were divided into four different phases, 
each more.or less independent, as follows : 
1. Evaluation for seedling vigor. 
2. Sampling for seed weight determinations. 
3. Inheritance of seed weight and associated traits. 
4. Recurrent selection for seed weight. 
General procedures and materials for each of the five phases of the study 
will be discussed separately for sake of clarity. All field plantings for 
each phase were grown at the Agronomy Farm, Ames, Iowa. 
Variation in Seed Weight 
Polycross Nursery 
In 1951 the first group of clones was planted in a space-planted 
polycross nursery consisting of six replications of three-plant plots. 
Included were 72 clones, 45 of which were elite Sq and S^ selections 
from established stands and introductions of northern and intermediate 
o 
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origin. The remaining 27 were selected from four varieties of southern 
e 
origin, namely, Achenbach, Fischer, Jeanerette, and Lincoln. In 1952, 
several panicles from the centcr plant in each plot were bagged to en­
force self-pollination, while the remaining heads on these plants were 
allowed to open-pollinate. Each clonal entry was then evaluated for 
fertility un&er each mode of pollination by using eight samples o¥ two 
panicles. Two selfed and two open-pollinated samples were collected in 
each of the first two replications, ançL one sample in each of the re­
maining four. Seed from all remaining open-pollinated panicles on each 
plant was harvested, threshed and cleaned for use in forming a polycross 
composite. 
Self-fertility of each plant was evaluated by counting the number 
of seeds in each self-pollinated panicle. The two open-pollinated pani­
cles in each sample were weighed to the nearest .01 grams on a torsion 
balance and threshed in a Waring Blendor. Then the seed was cleaned 
with a South Dakota Seed Blower and weighed in the same manner. An 
open-pollinated fertility index was calculated by dividing clean seed 
weight by panicle weight and multiplying by 100. ' Raeber (59) concluded 
that this method gives a reasonably accurate estimate of relative 
fertility. 
To form a composite polycross seed lot for each clonal entry, 'equal 
. weights of seed were taken from each replication and bulked. From each 
of these seed lots, four random samples of JQO seeds each.were counted 
and weighed to the nearest .01 grams on a torsion balance. Each sam­
ple was then placed in a separate packet to be used in evaluation for 
seedling vigor. 
6 
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The bulk polycross seed lots also were used to plant a Polycross 
Yield Test in 1953 which was harvested for forage in 195^ and 1955. 
In I956, this solid-planned test was harvested for seed- yield deter­
minations and the resulting seed" evaluated for seed weight. For this 
purpose, Ijfo seeds were counted out from the cleaned seed obtained from 
• ° 
each of the five replications of each entry. These samples were then 
weighed in the same manner as those for the parental clones. 
All seed weight data for parental clones were subjected to statis­
tical analyses and correlations were calculated among seed weight, 
number 6f selfed seeds per penicle and open-pollinated fertility index, 
using mean values for each clone.. The correlation between mean seed 
weights of parental clones and those of their polycross progenies and 
the regression of progeny on parental weights also were computed to 
obtain heritability estimates. 
Topcross Nursery 
In 1952, Lebsock and Kalton (44) selected à number of Sq clones 
from a space-planted source nursery containing 3700 plants of varying 
origin. Most selections were made in southern varieties but a few 
were saved from intermediate and northern sources. Selection was on 
.the basis of two levels of phenotypic desirability. Using data on 
leafiness, growth density, panicle production, disease resistance pnd 
hay vigor, a number of both "good" and "poor" selections were made. 
"Poor" selections were approximately comparable to "good" selections 
in vigor but generally undesirable in leafiness and disease resistance. 
In 19531 both groups of material were planted in a topcross nursery of 
-
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four, single plant replicates with the variety, Fischer, as a common 
pollinator. In 195^. Grennell (15) evaluated, all clones for the follow­
ing traits : fertility, seed yield per plant, leafiness, leaf width, 
hay vigor, "bloom date, and leaf disease intensity. 
Of these clones, a total of 203 were included in the study reported 
herein, 158 being among the original ''good" and 45 among the original 
"poor" selections. Seed harvested from each replication of a clone by 
Grennell (15) was bulked on an equal weight basis to form topcross seed 
of each clonal entry in the nursery. In 1955-56, this seed was used 
to evaluate the clones for seed weight. Four random samples of 300 
seeds were counted from each topcross seed lot and weighed on a torsion 
balance to the nearest .01 grams. Each sample was then placed in a 
labelled packet to be used for evaluation for seedling vigor. 
Data on seed weight were analyzed separately for the "good" and 
"poor" groups. In addition, clonal means were used to calculate corre­
lations between seed weight and seven other agronomic- traits studied 
by Grennell (15). 
Evaluation for Seedling Vigor 
Outcross progenies of the two original groups of clones were evalua­
ted for seedling vigor attributes in 1957. Polycross seed of 71 clones 
was sown in one test on April 16, and topcross seed of 203 clones was 
sown in an adjacent test on April 18. The variety, Fischer, was in­
cluded in each test as a check. The experimental design in each case 
was a randomized complete block with four replications. Each weighed 
packet of 300 seeds from the seed weight evaluations previously described 
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was used to plant one plot which consisted of one row 5 feet long. 
Rows were spaced 1-foot apart. In planting the seedbed was opened to 
a depth of J inch, the 300 seed scattered uniformly along the 5-foot 
row, and then covered. Afterwards the surface soil was packed with a 
small lawn roller. Both seedling vigor tests were surrounded by a 
drill seeding of oats to reduce dangers of soil blowing. They also were 
kept weed-free by wheel hoeing and hand weeding. 
Four to six weeks after emergence, the plots were rated for stand 
establishment on the basis of the number of plants in the center 3 feet 
of the row. In the Polycross Test and in two replications of the Top-
cross Test actual counts were made, while in the remaining two replica­
tions of the latter, stands were estimated to the nearest 20 plants. 
Periodic checking by actual counts indicated that the latter method was 
sufficiently accurate. 
Seedling forage yields were obtained by harvesting all above-
ground parts of the seedlings in each- row. The Polycross Test was har­
vested on June JO, 75 days after planting, and the Topcross Test, on 
July 6, 79 days after planting. Following harvest, the seedling forage 
was dried and weighed to the-nearest gram. 
Standard analyses of variance and covariance were calculated for 
seed weights, stands, and seedling forage yields from each test. Esti­
mates of components of variance and covariance were obtained and used 
to calculate phenotypic, genotypic and environmental correlations using 
the methods outlined by Hoover (24). 
Sampling for Seed Weight Determinations 
As previously outlined, mean seed weight of each parental- clone 
was estimated by counting and weighing four samples of 300 seeds each. 
The C,7,'g for samples of this size were approximately 2$. Since almost 
an hour was required to count and weigh these four sample, this pro­
cedure would be too costly to use on a large scale basis. Consequently, 
topcross seed of five clones from the Topcross Nursery, with mean seed 
weights of 0.63, 0.90,' 0.931 1.02 and 1.18 grams per 300 seeds was 
chosen for a special study on optimum sample size and number. Variables 
which seemed worthy of attention in regard to sampling procedure were : 
number of seeds per sample, number of samples, analysts, counting time, 
weighing accuracy and weighing time. Five "sample sizes, namely, 25, 50, 
100, 200, and 300 seeds and three individuals for counting, designated 
as A, B, and G, were used. 
Topcross seed of each clone was thoroughly mixed and a small.amount 
placed on a diaphanoscope, after which each analyst counted and weighed 
four samples of each size. During counting, each analyst endeavoured 
to take seeds at random with no selection except to•insure that each • 
seed had a caryopsis and a hull.. Samples *ere placed in packets num­
bered from one to four according to the order taken. In this manner, 
each analyst processed a total of 100 samples. 
Seed weights were recorded to the nearest .0001 grams on a pre­
cision balance for samples of 25 and 50 seeds. For the other three • 
sample sizes, weights were recorded to the nearest .01 grams on a tor­
sion balance. The two smaller smapïes could not be weighed with accuracy 
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on the torsion balance and weighing the larger samples on a precision 
balance would have increased costs considerably. Since the primary 
purpose of this study was to develop an efficient, but practical, sam­
pling technique rather than to consider statistical aspects of s'ampling 
variation, these differences in weighing accuracy were accepted at face 
value. The time interval required to count and to weigh each sample 
also was recorded and used to estimate relative cost. However, the 
time required to mix the seed, remove or replace it in packets, and 
place it on the scales was not included, since this was comparable for 
all sample sizes. 
An analysis of variance was conducted on the entire seed weight 
data first. Then, analyses were made of simulated experiments where 
only two or three samples of every four were used. Statistical pre­
cision was estimated by the C.V. Efficiencies of various combinations 
of sample sizes and numbers were evaluated by joint consideration of 
C.V.1 s and estimated relative costs. 
Inheritance of Seed Weight and Associated Traits 
From the 71 clones in the Polycross Nursery, 10 were selected to 
represent the range in mean seed weight. Four were high, three were 
low, and three of intermediate or average seed weight. Of these 10 
clones, seven were non-inbred (SQ) and of southern origin, while the-
other three had been inbred for two generations (Sg's) and were of 
e » 
northern origin. 
Selfed seed of each selection was planted in the greenhouse on 
December 22, 1956. During the third week of January in 1957, 30 random 
o 
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seedlings of each selected #clone were transplanted to individual plant 
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hands. These seedlings were cut ba%k and fertilized at regular inter­
vals during the late.winter and early spring. In early May, each plant 
was divided vegetatively into three propagules. Between May 20 and 25, 
all plants were transplanted to the field in a randomized complete 
block design, including a split-plot arrangement, with three replica­
tions. Each whole plot consisted of propagules of 26 inbred plants plus 
e 0 
a propagule of the parental clone in a randofaized order. These will be 
referred to as inbred progeny and clonal progeny, respectively. There 
were 10 whole plots in eâch replication, end each plant 'entry was 
represented by one propagule in each replication. Plants were spaced 
•31/3 feet apart in 3 l/3-foots rows. All families became well estab­
lished except Family 241. In the latter, only 16 of the 26 plants ' • 
survived, and not all of these set seed in 1958. In August, 1957 the 
experiment was overseeded with alfalfa to control weeds, prevent ex­
cessive spreading of the plants and provide nitrogen. Resulting stands 
of alfalfa wete excellent and served their purpose well. 
In 1958, entries were evaluated in each replication on an indivi­
dual plant basis for bloom date, fertility, Seed yield and seed weight 
in the following manner: 
1. Bloom date - that date in June on which at least 10$ of the 
panicles of an individual plant were shedding pollen. 
2. Fertility - an index based upon weight of cleaned seed' from 
five panicles divided by total weight of the.five panicles and multi­
plied by 100. 
. 
o o 
28 e 
e o 
• o 
3. Seed yield - weight of cleaned seed from all remaining pani­
cles on a plant. « . 
4. Seed weight - mean weight of two samples of $0 seeds from 
0 
each plant. ' . 
e  •  o 
The latt'er determination was based on results from the sampling study 
which had indicated that this method gave°a reasonably precise deter­
mination for a 'low relative cost. 
In statistical analysis of this data, separate analyses of vari­
ance and .covariance were computed for- each family. Using the methods 
discussed by Burton and DeVane (9), variances and covariances among 
inbred plants within families were separated into genotypic and envi­
ronmental components. These estimates were used to calculate percent 
genotypic variance for each trait and the simple phenotypic, genotypic 
and environmental, correlations. Simple correlations among seed weight, 
fertility index and seed yield were then used to calculate partial 
correlations among these traits. 
Heritabilities for each trait were estimated by means of progeny-
parent regressions and. correlations. In addition, percent inbreeding 
depression was also calculated by means of the following formula: 
' -ti, 100-. 
P 
where P = mean of the çlonal progeny and I Z mean of the inbred progeny 
'Recurrent Selection for Seed Weight 
On the basis of mean seed weights in the Topcross Nussery, 10 of 
the highest and 10 of the lowest clones in seed weight were selected 
29 
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to study effects of divergent recurrent selection for seed weight. 
» 
Each group ofolO clones was planted in a separate isolated recombina­
tion block in late August, 1956. Each block consisted of a 10 x 10 
e 
latin square with single-plant plots and was isolated by more than 
.25 milês from other plantings of bromegrass. In0July, 1957 seed was 
harvested from the clonal propagules and bulked on an equal weight 
basis to form a composite polycross seed lot for each clone. Samples 
of this seed were sown in the greenhouse on August 3. 1957. 
Clonal and nolycross progenies of the two -groups of 10 clones were 
established together in the same field experiment in September. The 
experimental design was a randomized complete block with five replications. 
Each plot consisted of a single row with a propegule of the parental 
clone plus 10 seedlings representing its polycross progeny. Plants 
were spaced 3 l/3 feet apart in 3 l/3-foot. rows. For each replication, 
the 10 polycross seedlings of each clone were chosen at random, so that 
a clone was represented.by a total of 50 seedlings and five vegetative 
• propagules. In addition, two clones with mean seed weights equal to 
the mean of the original population in the Topcross Nursery were.chosen 
as checks and five vegetative propagules of each were included in one 
whole plot of each replication. All vegetative propagules were trans- . 
planted on September 5 and the seedlings, on September 13, 1957. The 
experimental area was then overseeded with alfalfa. 
In 1958, all panicles on individual plants were harvested on 
July 19. These were dried in the greenhouse, threshed in a small plot 
thresher and the seed cleaned in a small Clipper Cleaner. To determine 
seed weight, two samples of 50 seeds each were counted from the cleaned 
seed of each plant and weighed on a precision balance to the nearest 
.0001 grams. A total of 14 seedling plants and seven clonal propagules 
did not yield sufficient seed for this evaluation. 
An analysis of variance was conducted on plot means using data 
for seedling progenies and for clonal progenies of the two chfecks. Be­
cause of their variable numbers, data for parental clones were not in­
cluded in this analysis. Variances- from plant to plant within plots 
were used to estimate genotypic and environmental components, as ex­
plained by Lebsock and Kalton (44). Genotypic coefficients of variation 
were also calculated, using burton's formula (8). 
o 
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EXPERIMENTAL RESULTS 
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. Results obtained, in each of the.five phases of the study are pre­
sented and discussed separately with the' order the same as in Materials 
and Methods. In presenting data on seed weight variation and seedling 
vigor attributes, seed materials from each nursery are considered-indi­
vidually. Results from sampling and inheritance phases are then examined. 
For the latter, clonal and inbred progeny data on see'd weight, fertility, 
seed yield and bloom date are given first, followed by a series of corre­
lations among these traits. In the last section, results of one cycle 
of divergent recurrent selection for seed weight are presented for 
consideration. 
Variation in Seed Weight 
Polycross Nursery 
Mean seed weights for the clones included in this nursery ranged 
from 0.71 to 1.30 grams per 300 seeds. The frequency distribution of 
these means is presented in Table 1 and illustrated graphically in 
Figure 1". One clone was discarded because of insufficient seed for 
evaluation' so only.71 clones are represented in this distribution. In 
Table 1 the mean seed weight of the variety, Fischer, is included for 
comparison. The mean of the entire.population was 1.00 grams per 300 
seeds, and the distribution, as illustrated in Figure 1, approached 
normality. As might be expected on the basis of the distribution, mean 
differences among clones were found to be significant (l$ level) in the 
analysis of variance (see Table 2). 
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Table 1. Mean seed weight distributions for polycross seed of 71 SQ and Sg clones of bromegrass 
and for topcross seed.of 203. other SQ clones in comparison with Fischer • 
Number @f clones 
oGlass interval 
gms./300 seeds 
Class 
center 
Polycross 
1952 seed 
• Topcross 
1954 seed 
0.54-0,60 0.57 O 1 
0.61-0.67 0.64 . 0 3 
0.68-0.74 0.71 . 4 17 
0.75-0.81 ° 0.78 .6 (Fischer) 33 (Fischer) 
0.82-0.88 0.85 6 47 
0.89-0.95 0.92 11 - • 50 
0.96-1.02 0.99 10 * 31 
1.03-1.09 1.06 13 15 
° 1.10-1.16 1.13 10- 3 
1.17-1.23 1.20 4 1 
1.24-1.30 1.27 3 3 
Total^entries 72 204-
Grand mean (gms./300 seeds) 1.00 . 0.89 
'Figure 1. Mean seed weight distribution for polycross seed of 71 SQ 
and Sg clones 
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•• Complete data on mean seed weights for individual clones in 1952 
and that of their polycross progenies in 1956 are given in Table 32 in 
the Appendix. For the progeny means, the range was 0.72 to 0.94 grams 
per 300 seeds with a grand mean of 0.80 grams. Both the range and the 
grand mean were less than those for the parental clones. Thic.reduc­
tion in range would be expected because of the nature of the progenies, 
while the reduction in the grand mean was due in part to the solid-
planting and' the very dry conditions prevailing in 1956. However, as 
shown by the analysis of variance in Table 2, differences among the • 
polycross progenies were significant at the 1$ level. Seed weight data 
for eight varieties and strains included in the test were also included 
in this analysis. 
Table 2. Analyses of variance of seed weights for 71 clones in the 
Polycross Nursery in 1952 and for their polycross progenies 
in 1956 
Source Parental Clone's Polycrosses 
of variation D.F. Mean square D.F. Mean square 
Replications 4 .00475 
Entries 70 0.07882** 78a 00235** 
Error 213 0.00046 312 .00036 
Coefficient of 
variation 2.2# 5.0# 
L.S.D. (1$) 
gms./300 seeds 0.04 0.12 
^Eight strains and varieties included as checks 
••Significant at the 1$ level 
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A direct estimate of héritâtility for seed weight was obtained 
from the regression of polycross progeny on parental means. For mean, 
seed weight in this material, the regression value was quite low 
(b = 0.09), while the_correlation between progeny and parental means 
was O.56 and significant at the 1$ level. The difference in these two 
values can be' attributed to the relatively low variance among progeny 
means, which tended to inflate the correlation coefficient relative to 
the regression coefficient. 
The C.V. for the analysis of progeny data was 5.0$ (Table 2), while 
that for clonal data was 2.2%. Since the former C.V. was calculated 
using the experimental error, one might conclude that one sample of 
150 seeds per replication is sufficient for evaluation of progenies in 
solid-seeded plots. 
Clonal means for number of seeds per s'elf-pollinated panicle and 
for open-pollinated fertility indices in the Polycross Nursery also are 
presented in Appendix Table 32. For the former, the range was 0 to 
128.1 seeds per panicle, with a mean of 20.5, and for the latter, 18 
to 71$, with a mean of 55$' These data were not analyzed statistically. 
Mean seed weight showed a negative but non-signifieant 'association 
(r - -0.12) with mean selfed seed set and a positive association (r = 
0.25, significant at the 5$ level).with mean open-pollinated fertility 
index. The correlation between selfed seed set and open-pollinated 
fertility was 0.34, which was significant at the 1$ level. Each of 
- o 
these three correlation coefficients had 69 degrees of freedom. The 
partial correlation bétween seed weight and open-pollinated fertility 
was 0.31 and significant at the 1$ level. (These correlations between 
e 3 7  
O 
seed weight and ojjen-pollinated fertility are encouraging when viewed 
from a selection standpoint. « 
o • 
Topcross Nursery 
I • ° 
Mean ssed weights for the 203 SQ clones in ttie Topcross Nursery in 
• ' 1954 are given i'n Table 33 in the Appendix. Among the 11 good11 selections, 
the range of the means was 0.60 to 1.26 grams per 300 seeds, while 
among t^ie "poor" selections, the range was 0.64 to 1.13 grams. • The mean 
seed weight of each of these groups was O.9O and 0.86 grams per 300 
seeds, respectively. Since both groups of selections were grown in the 
same nursery, the data have been combined for presentation in Table 1 
and Figure^2. The mean seed weight of the variety, Fischer, was 0.?6 
grams and is also included in Table 1. The mean of the combined popu­
lation was 0.89 grama per 300 seeds. The distribution'of the mean seed 
weights in this nursery approached a normal distribution, as did that 
for the Polycross Nursery. For each group, data were analyzed separately 
and these statistical analyses are presented in Table J. The mean 
square for clones was significant (l% level) in both cases. 
Coefficients for the correlations between seed' weight and seven 
other agronomic characters evaluated in the Topcross Nursery are given 
in Table 4. Between seed weight and seed yield per plant, leaf width 
arfd hay vigor the correlations were positive and significant at either 
« 
the 5# or 1# level in both groups. The correlation between seed weight 
and fertility was significant (5% level) only for the "poor" selections." 
However, leafiness, bloom date and leaf disease, as rated by G-rennell 
(15), showed no significant associations with seed weight. None of 
o 
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Figure 2. Mean seed weight distribution for, topcross seed of. 203 
SQ clones 
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'Table 3- Analyses of variance of seed weights for 158°"good"° 
selections and 45 "poor" selections in the Topcross 
Nursery in 1954 
Source 11 Good "select ions "Poor" selections 
of variation D.F. Mean square D.F. Mean square 
Among clones 157 0.05533** • 44 0.04512** 
Within clones 454 0.00142 135 0.00025 
Coefficient of 
variation 4.2# 1.9# 
L.S.D. (1# level) 
gms./300 seeds 0.07 0.03 
••Significant at the 1# level 
Table 4^ Correlations between seed weight and seven other agronomic . 
characters for 158 "good" selections and 45 "poor" selections 
in the Topcross Nursery in 1954 
Characters correlated 
Hp II 
"Good" 
selections 
value8, 
"Poor" 
selections 
Seed weight and: 
Seed yield per plant 0.19*' 0:43** 
Fertility index 0.09 0.36e . 
Leafiness -0.11 0.00/ 
Bloom date 0.12 -0.28 
.Leaf disease -0.07 -O.23 
Leaf width 0.26** 0..30* 
Hay vigor 0.26** 0.31* 
^Degrees of freedom are 156 and 43 in the "good" 
selections, respectively. 
and "poor" 
•Significant at the 5# level 
••Significant at the 1# level 
° . 
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these correlations would, indicate any adverse effect of selection for 
high seed weight on either seed or forage production. 
Evaluation for Seedling Vigor 
Another objective of this study was to investigate the relation­
ship between seed weight and seedling vigor in.the plant materials 
available. For this purpose, samples from the seed weight determina­
tions' w^re planted in field experiments and progenies were evaluated 
for stand (number of seedlings per 3 feet of row) and yield (weight of 
dried forage per 5-foot row). 
Polycross Test 
' Polycross progeny means for stand and seedling forage yield are . 
presented in Table 34 of the Appendix. The range in stand means was 
22 to 181 plants per 3 feet or row and the grand mean was 130 plants, 
while the mean for the variety, Fischer, was 154 plants. For seedling 
forage yields, the range of the entry means was 14 to 62 grams with a 
grand mean' of 44 grams per plot; as compared to a mean of 46 grams 
for Fischer. ' The analyses of variance for stand and yield are given 
in Table 5- The analysis of variance for seed weight, given in the 
same table, differs from that in Table 2 since data for the variety, 
Fischer, were included and those for one polycross entry, 249, were 
omitted due to lack of establishment in two replications. The mean 
square for entries was significant (l^> level) in each of the.three 
analyses. As measured by L.S.D. values, none of the progenies exceeded 
Fischer in mean stand, while 1? progeny means were significantly less, 
Table 5- Analyses of variance of seed weights, stands and seedling forage yields for 71 entries 
in the Polycross Test 
Mean squares 
Source of 
variation , 
Total 
Replications 
'Entries 
Error 
D.F. Seed weight 
283 
3 
70 
213, 21Q, 210 
0.0793** 
0.0004 
Stand 
3,257** 
4,180** 
824 
Seedling forage 
yield 
365.09** 
819.47** 
150.50 
Coefficient of 
variation 
L.S.D. 
5$ leVel 
1$ level 
2.1# 
.03 gms. 
.04 gms. 
22.1% 
40 seedlings 
53 seedlings 
28.2# 
17 gms. 
23 gms. 
**Significant at the 1$ level 
eight at the 5$ level, and nine at the 1$ level.° Mean forage yields of 
four seedling "progenies were significantly (l% level) below that of 
Fischer, while none of the orogenies yielded significantly more. Thus, 
it would appear that the parental•clones in the Polycross Nursery do 
riot offer much promise for use in improvement of combining ability for 
seedling vigor. Since the C.V. for seedling forage yields was 2.8.2$ 
and higher than that for either seed weight or stand, it also would 
seem desirable to develop more refined techniques for evaluating seed­
ling vigor differences.-
The analyses of covariance involving seed weight, stand and seed- • 
ling forage yield are presented in Table 6. The. mean square for testing 
mean forage yields adjusted for differences in seed weight was signifi­
cant at the 1% level and that for testing mean forage yields adjusted for 
differences in stand was significant at the 5$ level. Thus, it would 
appear that there are genotypic.differences for forage yield" over and 
above those which can be attributed-to seed weight or stand. In Table Jk 
of the Appendix, the mean'seedling forage yields adjusted for stand dif­
ferences are presented for each entry. An average standard error for 
these adjusted means was calculated following the method outlined by 
Snedecor (65, nage ^02.) and from this, L.S.D. values were computed to 
compare adjusted means of the polycross progenies with that of Fischer. 
As measured by these L.S.D.1 s, four progenies yielded significantly -more 
than Fischer at the 5^ level and two, at the 1% level, while two prog­
enies yielded significantly less at the 5^ level. Differences among 
mean stands, adjusted for differences in mean seed weight, were also 
found to be significant (1$ level) by analysis of covariance. 
Table 6. Analyses of covariance among seed, weights, stands, and seedling forage yields in the 
Polycross Test 
Source of 
variation 
Total 
Replications 
Entries 
Entries (adjusted) 
Errôr 
Total 
Replications 
Entries 
Entries (adjusted) 
Error 
Total 
Replications 
Entries 
Entries (adjusted) 
Error 
Sum of squares and cross-products 
D.F. xy 
Seed weight ( x )  and seedling forage yield (y) 
283 
3 
70 
210 
283 
3 
70 
210 
5.6449 
0.0026 
5.5509 
0.0914 
117.24 
-0.35 
115.27 
2.32 
Seed weight (x) and stand 
5.6449 • 231.36 
0.0026 4.01 
5.5509 23i.ll 
(y) 
0.0914 
-3-76 
Stand ( x )  and seedling forage yield 
283 ' 475,446 ' 93,724 
3 9,772 1,187 
70 292,603 62,408 
210 173.072 30,129 
59,619 
2,458 
25,556 
31,604 
475,446 
9,772 
292,603 
173,072 
(y) 
59,619 
2,458 
25,556 
31,604 
Deviations from 
regression 
D.F. 
70 
209 
70 
209 
70 
209 
M.S. 
330.92** 
150.93 
4,051.38** 
627.35 
177.32* 
126.12 . 
•Significant at the 5$ level 
**Significant at the 1% level 
45 o 0 
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An analysis of multiple covariance was carried out following the 
procedure given by Ostle (56, pages 406-408) and is summarized in Table ? 
• The mean square for testing adjusted mean seedling forage yields was non­
significant. However, in the interpretation of this and the preceding 
analyses of covariance, it should be noted -that the concomitant varia­
bles , seed weight -and stand, were influenced by genotypic differences. 
As a result, multiple regression analysis would tend to reduce residual 
genetic differences in seedling forage yield. 
Correlation coefficients between seed, weight and forage yield 
were positive and relatively low in magnitude ; although the phenotypic 
simple correlations were both significant at the 1% level (see Table 
6). Phenotypic partial correlations for the same traits were somewhat 
smaller-but were still significant at the 5% level. Genotypic corre­
lations between seed weight and seedling forage yield were slightly • 
higher than phenotypic values while those attributable to environmental 
effects were essentailly zero. • Correlations between seed weight and 
stahd were of small magnitude and only the phenotypic correlation cal­
culated on a single plot basis was significant (5% level). Between 
stand and seedling forage yields, however, relationships were relatively 
good and both nhenotypic and environmental correlations were signifi­
cant at the V% l,evel. In every case, genotypic correlations were some­
what «larger but quite similar to phenotypic values calculated on an 
entry mean basis. These results indicate that selection for improved 
seed weight would tend to improve early seedling growth. 
Table 7. Abbreviated analysis of multiple covariance of seedling forage yield.(y) with stand 
and seed weight in the Polycross Test 
Source of 
Variation 
Sum of squares 
D.F. 
Sum of squares 
due to regression 
Deviations from 
regression 
D.F. M.S. 
Entries 
"Entries (adjusted) 
Error 
Entries / Error 
70 
210 
280 
25,556 
31,604 
57,160 
5,309 
19.334 
70 
208 
164.72 
' 125.81* 
Table 8. Correlations among parental clone seed weights and progeny stands and seedling forage 
yields in the Polycross Test 
Characters correlated ^ 
Stand and 
Seed weight and Seed weight seedling 
Type of correlation D.F. seedling forage yield .and stand forage yield 
Simple Partial' Simple Simple 
Phenotypic 
Single plot basis8 282 0.20^ 0.15* 0.14'* 0.56*+ 
Entry mean basis 69 0.31** 0.26* 0.18 ' 0.72+* 
Genotypic — 0.40 0.4? 0.20 0.88 
Environmental 209 0.04 0.05 0.00+ 0.41++ 
a71 entries in four replications 
•Exceeds $$ level of probability 
••Exceeds 1$ level of probability 
Topcross Test 
In the Topcross Test, 203 topcross progenies were evaluated, for 
stand and seedling forage yield. Entry means for these two traits are 
presented in Table 33 of the Appendix along with mean seed weights. 
For stands (seedlings pér 3 feet of row), the range of the means was 56 
to J.46 plants with a grand mean of 105 plants. The range in mean yields 
was 40 to 112 grams per plot and the grand mean was 71 grams. The ana­
lyses of variance of these data and of the seed weight data are given 
in Table 9» In each analysis, the mean square for entries was signifi­
cant at the 1$ level. As measured by L.S.D. values (5$ level), two progeny 
means were significantly above the Fischer mean of 75 grams while seven 
were significantly below. In stand performance none of the progenies 
exceeded the Fischer mean of 112 plants, while one progeny mean was 
significantly below at each level of- significance. ' As in the Polycross 
Test, the clones studied herein appear to offer little promise for 
selection to improve combining ability for seedling vigor. The C.V. 
for yield was comparable to that in the Polycross Test while the C.V: 
for stand was higher. Again, a need for refinement qf techniques in 
evaluation for seedling vigor is indicated. 
The analyses of covariance are summarized in Table 10. In both 
analyses involving seedling forage yields, mean squares for testing 
the adjusted means were significant at the 1% level. Differences among 
these means were .'not significant, however, after simultaneous adjustment 
for differences in both of the concomitant variables (Table 11). In 
the analysis of covariance of see'd weight and stand, the mean' square 
for testing adjusted stand means was significant only at the 5$ level. 
Table 9- Analyses of variance of seed we 
in the Topcross Test 
Source of 
variation ^ P.P. 
•Replications. 3 
Entries 203 
Error 612,609,609 
• Coefficient of 
variation 
L.S.D. 
5$ level 
1$ level 
**Significant at the 1$level 
stands, and seedling forage yields for 204 entries 
Mean squares 
Seedling forage 
Seed weight . Stand ' yield 
83,899** 16,452** 
O.O543** 1,318** 731** 
0.0005 ' 944 421 
2.6# 29.2# 28.7# 
.03 gms. 43 seedlings 28 gms. 
.04 gms. 56 seedlings 38 gms. 
Table 10. Analyses of covariance among seed weight, stand and seedling forage yield in the 
Topcross Test 
Source of 
variation 
Total-
Replications 
Entries 
Entries (adjusted) 
Error 
Total 
Replications 
Entries 
Entries (adjusted) 
Error 
Total 
Replications 
Entries 
Entries (adjusted) 
Error 
D.F. 
Sum of squares and cross-products 
2 
xf xy . 
.Seed weight (x) and seedling forage yield (y) 
815 
3 
203 
609 
815 
3 
203 
609 
11.348? 
11.0143 
0.3344 
649.0? 
-2.7? 
635.46 
16.38 
454,385 
49,357 
148,397 
256,631 
Seed weight (x) and stand (y) 
11.3487 675-81 1,094,225 
-7.74 251.696 
11.0143 . 636.07 267,500 
0.3344 47.48 575,059 
Stand (x) and seedling forage yield (y) 
815 1,094,225 283,313 454,385 
3 251,696 -82,434, 49,357 
203 267,500 • 140,872 148,397 
609 575,059 224,875 256.631 
Deviations from 
regression • 
D.F. 
20-3 
608 
203 
608 
203 
608 
M.S. 
586.11** 
408/89 
1,148.13* 
934.73 
382.10** 
277.46 
•Significant at the 5$ level 
••Significant at the 1$ level 
Table 11. Abbreviated analysis of multiple covariance of seedling forage yield (y) with stand 
and seed weight in - the Topcross Test 
Source of 
variation 
Sum of squeres 
D.F. 
Sum of squares • 
due to regression 
Deviations from 
regression 
D.F. M.S. 
Entries 
Entries (adjusted) 
Error 
Entries / error 
203 
609 
812 
148,397 
256,631 
405,028 
87,953 
170,450 
203 
607 
810 
324.63 
277.89 
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Mean seedling forage yields, adjusted for differences in stand, 
are presented in Table 33 of the Appendix. «After adjustment, othe 
0 o 
range of the means was 47 to 105 grams per plot. LsS.D. values, were 
^computed as outlined for the Polycross Test. On this basis, three 
topcrosses were significantly above the Fischer mean of 72 grams, two 
o ° 
at the 5% level, and one at the l4 level, while only one was signifi- . 
cantly below at the level. 
All correlation coefficients in this test (see Table .12) were 
positive. The phenotypic simple and partial correlations between seed 
weight and seedling forage .yield were significant (l% level)'but were 
not large enougfct for predictive value. Phenotypic correlations be­
tween.stand and seed'weight and seedling forage yield were also signi­
ficant at the 1$ level. Compared to their comparable phenotypic 
correlations, the geuotypic correlations were relatively large. All 
environmental correlations were significant At either the 5 or lj6 
level. As in the Polycross Test, these- correlations indicate possi­
bilities of improving seedling vigor by selection for higher seed 
weight.' 
It is interesting to compare the correlation coefficients obtained 
in this test with those for the Polycross Test (.see Table 8). Compar­
able coefficients are higher in Table 12 in every case. Of course, 
the correlation coefficients calculated for the Topcross. Test are based 
upon larger numbers. However, age of seed and inter-seasonal differ­
ences may have contributed to dissimilarities, since tide topcross seed 
was harvested in 195^ and the polycross seed in 1952. 
"Table 12. Correlations among parental clone seed weights and progeny stands and seedling forage 
yields in the Topcross Test 
Characters correlated 
Type of correlation 
Phenotypic 
Single plot basis* 
Entry mean basis 
Genotypic 
Environmental 
D.F. 
814 
202 
608 
Seed weight and 
seedling forage yield 
Simple Partial 
0.29** 
0.50** 
0.76 
0.56**. 
0.23** 
0.36** 
0.50 
0.62** 
Stand and. 
Seed weight seedling 
and stand forage yield 
Simple Simple 
0.19** 
0.37** 
0.68 
0.11* 
0.40** 
0.71** 
0.95, 
O.59** 
a204 entries in four replications 
•Significant at the 5/& level 
••Significant .at the 1% level 
Sampling for Seed Weight Determinations = 
Before undertaking the inheritance and recurrent «selection.aspects 
of this study, it was deemed advisable to conduct a preliminary inves­
tigation on samoling procedures. In evaluating clonal materials for 
seed weight, two problems were considered important. These were: 
optimum sample size (number of seeds per sample) and number of samples 
which would result in reasonably precise estimates of seed weight for 
a low relative cost. To investigate these problems, three analysts 
each couhted four replicates of five different sample sizes from top-
cross seed of five clones. The clones were chosen to represent dif­
ferent seed weight classes. Relative precision was estimated by 
comparing C.V.'s obtained in various analyses, while counting and 
weighing times were used, to estimate relative costs. 
The analysis of variance, on a 25-seed basis, of the entire data 
obtained in the sampling investigation is presented "in Table 13. Since 
the clones were selected to sample the range in seed weight among those 
grown in the topcross nursery, and since sample sizes were selected to 
represent the realistic range, both of these variables were considered 
fixed in calculation of F values for tests of significance. The mean 
square for sample sizes was not significant indicating a lack of con­
sistent bias for any.one size. As would be expected, differences among 
clonal means exceeded the 1# level of significance. The mean square 
for analysts also was significant (1$ level), indicating that analysts 
were biased in their seed selection when counting. The mean squares 
for the interactions of analysts x sample sizes and analysts' x clones • 
54 O o 
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were significant at the 5$ and°l$ levels,"respectively. This would 
indicate that methods of selection were not consistent for all clones 
o « = 
and all samnle sizes. 
Table Ij. Analysis of variance of seed weight data obtained in 
sampling study (25-seed basis) 
Source of variation D.F. Mean sauarea 
Sample sizes , •4 0.000,026 
Clones 4 0.014,0?4** 
Analysts 2 0.000,134** 
Sample sizes x clones • 16 0.000,018 
Sample sizes x analysts 8 0.000,023* 
Clones x analysts 8 0.000,065** 
Sample sizes x clones x analysts 32 0.000,01-3 
Samples/sample sizes x clones x analysts 225 " 0.000,009 
Total ' 299 
Coefficient of variation 3*81/6 
^F-tests were conducted by considering-sample sizes and clones as 
fixed variables and analysts as a random variable. 
•Significant at the 5$ level 
**Signifleant at the 1% level 
Mean seed weights obtained by the analysts for the different clones 
and sample sizes are presented in Table 14. To facilitate comparisons, 
means were converted to a 300-seed equivalent. These data illustrate 
Table. 14. Mean and comparable mean seed weights In grams obtained by 
three analysts using five sample sizes for the topcross seed 
of five clones 
No. of Analyst A Analyst B Analyst C Comparable 
seeds/ Comparable ' Comparable Comparable Grand grand 
sample Mean meana Mean meana Mean meana mean meana 
Clone 507-•88 
300 1.1500 1.15' 1.1500 1.15 1.1600 1.16 1.1500 .1.15 
200 •0.7800 1.17 • 0.8100 1.22 0.7800 1.17 0.7900 1.18 • 
100 . 0.3900 1.17 O.39OO 1.17 O.39OO 1.17 0.3900 1.17 
• 50 0.1924 1.15 0.1985 1.19 0.1936 1.16 0.1948 1.17 
25 0.0990 1.19 0.0946 1.14 0.1000 1.20 0.0979 1.17 
- Clone 128-11 
300 1.0300 • 1.03 1.0800 1.08 1.0200 1.02 1.0500 I.05 
200 0.6900 .1.04 0.7300 1.10 0.6900 1.03 0.7000 1.05 
100 0.3400 1.02 0.3500 1.05 0.3400 .1.02 0.3400 1.02 
50 0.1761 1.06 0.1822 1.09 . 0.1726 1.04 0.1770 1.06 
.25 0.0829 0.99 0.0886 1.06 0.0850 1.02 • 0.0855 I.03 
Clone 511-85 
•300 0.9600 0.96 1.0100 1.01 1.0100 1.01 0.9900 0:99 
200 0.6400 0..96 0.6600 0.99. 0.6800 1.02 0.6600 0.99 
100 0.3200 0.96 0.3300 0.99 0.3300 0.99 0.3200 0.99 
50 0.1630 0.98 0.1691 1.01 . 0.1655 0-.99 0.1658 0.99 
25 0.0776 ' 0.93 0.0778 0.-93 .0.0844 1.01. 0.0800 0.96 
Clone 123-12 
300 0.8000 0.80 0.8200 0.82 0.8400 0.84 0.8200 0.82 
200 0.5400 0.81 0.5600 0.84 0.5400 0.81 .0.5500 0.82 • 
100 0.2800 0.84 0.2700 ' 6.81 O.3OOO 0.90 . 0.2800 0.84 
50 0.1318 ' 0.79 • 0.1366 • 0.82 0.1490 0.89 0.1392 0.84 
25 0.0628 0.75 0.0644 0.77 0.0707 0.85 0.0660 0.79 • 
-
Clone 129-12 
300 0.7200 0.72 0.6700 0.67 0.6900 O.69 0.6900 0.69 • 
200 0.4800 0.72 0.4800 0.72 0.4800 0.72 0.4800 0.72 
100 0.2300 O.69 0.2200 0.66 0.2400 0.72 • 0.2300 0.69 
50 0.1184 0.71 0.1106 0.66 0.1196 0.72 0.1162 0.70 
25 0.Ô552 0.66 0.0616 0.74 O.O63O 0.76 0.0600 0.72 
^Comparable means were obtained by converting all means to a 300-
seed equivalent. 
the variation among analysts and the interactions' of analysts with 
o ° 
sample sizes and clones. However, with the exception of the 25-seed 
samples, differences among analysts for any one sample size are prob-
°ably not large enough to be of importance. 
To study the problems of sample size and number of samples, data 
obtained for each sample size were analyzed separately, both by using 
all 12 samples of each clone together, or by using two groups of six 
•samples per clone. In the latter instance, the first group.consisted 
of the first two samples of a clone counted by each analyst while the 
second group consisted of the last two samples. This procedure is sub­
ject to criticism because of systematic selection. However, it was 
. felt that any bias introduced would be desirable from the standpoint 
of interpretation of sampling procedures, since differences between the 
two groups should be accentuated, rather than diminished. In each 
analysis, variation due to clones, analysts and their interaction was 
removed from the total, and the variance due to differences among sam­
ples within clones and.analysts was utilized as an estimate'of experi­
mental error. The C.V.1 s obtained from these analyses are presented 
in Table 15 along with the time required for processing each sample. 
In general, as sample size increased the C.V. was reduced, but the 
greatest reduction occurred between samples of 25 and 50 seeds. For 
samples of more than 50 seeds, reductions in C.V.'s were relatively 
small. The•time required to process a set of samples was related to 
sample size in essentially a linear, although not a proportional, 
manner. Thus, the larger the sample, the greater would be the cost. 
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Table 15» Coefficients of variation and time required for counting and 
weighing different sample sizes 
Coefficient 
Number Number . of Time required 
of seeds of samples variation •per sample 
per sample per clone (4) .(minutes) 
300 12 2.53 8.8 
200 . 12 2.72 5.7 ' 
100 12 3.03 ' 3.4 
'50 12 3.85 1.8 
25 12 5.66 1.0 
300 6a 2.23 • 8.8 
2 00 6a 2.70 5.7-
100 6a 2.48 3.4 
50 6a 3.89 • 1.8 
25 6a • 4.83 1.0 
300 2.23 8.8 
200 6l 2.81 5.7 
100 6l 2.41 3.4 • 
50 6l 3.68 1.8 
• 25 6 6.74 1.0 
®Based on first.two samples counted by each analyst 
^Based on last two samples counted by each analyst 
A second approach to the problem of optimum sample size and number 
was made by using data obtained by analyst A only in order to obtain 
C.V. estimates for lower sample numbers. These data were analyzed as 
four different groups : (a) by using all four samples counted per clone,' 
(b) by using the first three, and (c,d) by using two groups of two sam­
ples. -The C.V.'s from these analyses and the time required for counting 
and weighing each sample are shown graphically in Figure 3» As with 
the larger number of samples, C'.V. 's were reduced as sample size in­
creased, but the greatest reduction occurred upon increasing sample 
size from 25 to 50 seeds. 
Figure 3. Coefficients of variation for different sample sizes and numbers together with • 
counting and weighing time per sample for analyst. A 
1 0  
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Considering all analyses, C.V,'s for all sample sizes except the 
smallest (25 seeds) were approximately of the same magnitude whether 
2, 3» 4, 6 or 12 samples per clone were used. Therefore, it was con­
cluded that two samples of 50 seeds each would be sufficient to evalu­
ate an individual plant for seed weight. 
Inheritance of Seed Weight and Associated Traits 
Other objectives of this study were to assess extent of segrega­
tion and inbreeding depression for seed weight and to estimate heri-
tability by progeny-parent regression. To obtain further information, 
similar estimates were obtained for several other traits with possible 
relationships to seed weight.- For this purpose, clonal and inbred 
progenies of 10 clones selected from the Polycross Nursery were evalua­
ted for'seed weight, fertility, seed yield and. bloom date. Data ob­
tained for each of these traits will be considered separately first, 
and then interrelationships will be presented. 
Seed weight 
Data for seed weight are presented in a summary form in Table 16. 
Parental clone means were higher in 1958 than ih 195^» There was some 
evidence of a genotype x year interaction, since relative performance 
of the clones was not identical in both years.- However, a portion of 
this interaction could be due to. the effect of different analysts. In 
every family the mean for the inbred progeny was below that for the 
clonal progeny in the same year; and as shown by the analyses of vari-
" » 
ance in Table 17, these differences were significant at the 1$ level. 
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Table 16. Mean seed weights of 10 selected clones in the Polycross 
Nursery in 1952 and mean performance for seed weight of 
their clonal and inbred progenies in 1958 
Parental clone Inbred progeny Inbreeding 
Family GmQ./50 seeds No. of Gms./50 seeds depression 
1952 . 1958 plants Mean Range (*) 
471 (S0 and sl) 0.217 •0.236 26 0.159 0.097-0.209 32 
383 (S0 and sl) 0.187 . 0.234 17 O.i69 0.107-0.216 28 
547 (S0 and S^) 0.187 0.195 26 0.156 0.116-0.195 20 
521 (s0 and •Sl> 0.165 0.203 25 0.151' 0.111-0.186 26 
613 (S0 ahd Sl> 0.160 0.17S 26 0.145 0.113-0.168 18 
567 (Sg and Si) 0.125 0.152 ' 26 0.124 0.091-0.178 16 
533 (So and Sl> 0.123 0.157 26 0.147 0.097-0.171 6 
Mean 21 
241 (S2 and S3) 0.200 0. 228 7 0.172 0.133^0.223 24 
262 (S2 and S3) 0.170 0. 177 25 0.132 0.087-0.173 25 
214 (S2 and s3) 0.145 0. 160 26 0.147 0.113-0.177 8 
Mean 19 
The estimated percentages of inbreeding depression also illustrate 
these differences. The percentages ranged from 6 to 32$ and appeared 
to be positively related to mean Seed weights. The mean percentage 
for Sq-S^ comparisons was comparable to that for Sg-S^ comparisons. 
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As shown by the analyses of variance (Table 17), differences among 
or plants were significant a£ the 1$ level in every family. This 
would indicate -segregation for genes conditioning seed weight. In four 
of the 10 families, the highest inbred segregate equalled or exceeded 
the clonal progeny in mean seed weight but none of the segregates ex­
ceeded the highest SQ clone. No. 471. Thus, inbreeding appears to • 
offer little opportunity for isolating genotypes of superior seed 
weight. 
In Table 17. mean squares for the interaction of replications x 
entries were significant at the 1$ level in nine families and at the 
5# level in Family 241 which had only eight entries. Mean squares 
for this interaction included a component for experimental error in 
addition to the interaction and sampling error components. Based upon 
the estimated sampling errors, the C.V.1 s in these analyses ranged from 
2.7 to 4.8$, indicating that two samples of 50 seeds were sufficient 
for evaluation of individual genotypes. 
Fertility Index 
The data for fertility indices followed the same general trends 
as those for seed weights. Clonal means in 1958 were generally higher 
than in 1952 (Table 18) and differences in relative performance between 
years were indicative of a genotype x year interaction. In every fam­
ily the mean of the inbred progeny was "below that of the clonal parent, 
and this difference was found to be significant at the 1$ level in nine 
families and at the 5/6 level in Family 383 (Table 19). Percentages of 
inbreeding depression ranged from 9 to 3^$, but showed no apparent 
Table 17. Analyses of variance of seed weights for clonal and inbred progenies of 10 selected 
clonal families 
Source °of Mean square Mean square Mean square• Mean square" 
variation D.F. 1 x 1.000,000) D.F. (x 1,000,000) D.F. (x i;ooo,ooo) D.F. (x 1.000,000) 
• Family 471 ' Family 383 Family 547 Family 521 
Replications 2 568 2 3,594 2 8,474 2 . 637 
Entries 26 6,388^ 17 6,427** 26 2,889^ 25 • 2,520^ 
Clonal vs inbred 1 33,536** 1 23,362^ 1 8,691** 1 15,683** 
Among inbreds 25 5,302•• 16 5,369** 25 2,656** 24 1,971** 
R x B 52 129** 34- 890^ 52 130** 50 84^ 
Sanroles/R x E 81 44 54 63 81 24. 78 27 
C.V. ($) 4. 1 4.6 3.1 3.4' 
' 
Family 613 Family 567 Family 533 
Replications " 2 192 2 1,596 2 563 
Entries 26 1,604^ 26 2,091^ 26 1,572** 
Clonal vs inbred 1 6,177** 1 4,324^ 1 546** . 
Among inbreds ' 25 1,421^ 25 2,022^ 25 1,613** 
R x E 52 ?!•• 52 77** ' 52 86^ 
Sanrples/R x E 81 28 81 22 81 16 
C.V. (#) 3. 6 3.7 2.7 
° ° 
Family 24l • Family 262 Family 214 
Replications 2 ' 675 • 2 1,646 2 1,114 
Entries 7 6,614^ 25 3,591**. 26 1,839** 
Clonal vs inbred 1 16,012^ 1 11,503** 1 ' 1,021** 
Among inbred ' 6 5,047** 24 3,26l*# . 25 1,872** 
R x E 14 223* 50 174^ 52 ±29** 
Samples/R x E 24 76 78 33 81 20 
C.V. (#) 4. 8 4.2 3.0 
•Significant at> the 5$ level 
••Significant at the 1$ level 
relationship to fertility index of parental clones. In terms of percent­
ages, the inbreeding depression expressed in the S3 generation was com­
parable to thàt in the generation. In the analyses of variance (Table 
19), all mean squares for testing differences 2=0 =g plants within inbred 
progenies were.significant (1% level), indicating genetic segregation. 
Table 18. Mean fertility indices of 10 selected clones in the Polycross 
Nursery in 1952 and mean performance for fertility index of 
their clonal and inbred progenies in 1958 
Parental clone Inbred progeny 
Fertility Fertility Inbreeding 
Family index (#) No. of index (%) depression 
1952 1958 plants Mean Range • ($) 
471 (S0 and S^) 64 ' 79 26 61 38-78 -23 
VuJ
 CD
 
VjJ (SQ and 3^) 45 57 26 45 33-66 21 
54? (SQ and S^) 61 ' 80 26 . 65 44-78 .19 
521 (sQ and s^) 70 78 26 66 • 46-80 15 
613 (SQ and S^) 66 63 26 .46 19-76 27 
567 (SQ and S^) 63. 72 26 54 . 35-77 25. 
533 (SQ and S^) . 65 81 26 73 45-32 10 
Mean 20 
241 (S2 and S^) . 52 62 • 13 44 20-73 -29 
262 (Sg and S^) 46 70 26 46 24-75 34 
214 (Sg and S3) 59 78 26 71 39-80 . 9 
-
° 
Mean 24 
O O 
9 
O o o 
Table 19. Analyses 
selected 
of variance of fertility indices for clonal and inbred progenies of 10 
clones 
Source of 
variation 
Replications 
Entries 
Clonal vs inbred 
Among inbreds 
Error 
C.V. ($) 
Replications 
Entries 
Clonal vs inbred 
"Among inbreds 
Error 
C.V. ($) 
Replications 
Entries 
Clonal vs'inbred 
Among inbreds 
Error 
C.V. (56)  
Mean square Mean square Mean square Mean square 
D.F. (x 10.000) D.F. (x 10.000) D.F. (x 10.000) D.F. (x 10.000) 
2 
26 
Family 471 
1 
25 
52 
7> 
45 
275** 
870** 
251** 
21 
2 
26 
Family 613 
1 
25 
52 
50 
964** 
84l** 
969** 
20 
9.7 
2 
13 
Family 241 
1 
12 
26 
19.8 
w 
667** 
945** 
644** 
79 
Family 383 
2 
26 
1 
25 
51a 
18.2 
52 
287** 
440* 
281** 
67 
Family 567 
2 
26 
1 
25 
51* 
95 
434** . 
880** 
416** 
18 
2 
26 
7.8 
Family 262 
1 
25 
,52 
353 
537** 
1,602** 
495** 
46 • 
14.5 
2 
26 
Family 547 
1 
25 
52 
1,078 
198** 
. 674** 
179** 
26 
7.8 
2 
26 
Family ft? 
1 
25 
52 
3.6 
34 
238** 
203** 
239** 
7 
2 
26 
Family 214 
1 
25 
52 
5.8 
30 
138** 
163** 
137** 
17 
2 
26 
Family 521 
1 
25 
52 
3 
28?** 
416** 
219** 
66 
12,1 
a0ne degree of freedom lost in the estimation of a missing plot value (65, page 310) 
•Significant at the 5$ level 
••Significant at the 1$ level 
"In every family the highest mean fertility index among inbred 
segregates was essentially equal to or greater than.the mean of the 
clonal progeny (Table 18), but the increase was of appreciable magni­
tude only in five families. Consequently, the inbred segregates offered 
little promise as source materials for selection to improve-fertility. 
Seed yield 
As was the case with seed weights and fertility indices, mean seed 
yields -of the inbred orogenies were below those of the clonal progenies 
(Table 20). In the analyses of variance (Table 21), this difference 
was significant at the 1% level in every family. Percentages of in­
breeding depression ranged from 4? to 72$ and were considerably larger 
than those for the two traits previously discussed. The mean percent­
age of yield reduction was generally greater in the generation than 
in the S^ generation when compared.to respective parental generations. 
Since seed weight and fertility index are both components of seed yield 
and exhibited substantial inbreeding depression, a greater-depression 
would be expected for seed yield. However, the difference in relative 
performances of the S^ and generations cannot be explained on the 
basis of data obtained in this investigation. 
The mean square for testing differences among inbred segregates 
was significant at the V$> level in every family. Ranges in mean seed 
yield within inbred progenies were greater in relative magnitude than 
those for seed weight and fertility index (Tables 16 and 10). In eight 
o 0 
families, the highest yielding inbred segregate equalled or exceeded 
the pean performance of the clonal -progeny. Moreover, the highest 
O o ° 
o 
o ° 
o o 
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Table 20. tyean performance for seed yield per plant of the.clonal and 
inbred progenies of 10 selected clonal families in 1958 
Family 
Parental 
clone 
Gms,/plant 
No. of 
plants 
Inbred pro* 
Gms. / 
pny 
'plant 
Hangs 
Inbreeding 
depression 
(%) 
471 (SQ and Sx) 50 26 26 6-53 49 
383 (SQ and Sx) 38 26 20 7-47 • 47 
54? (SQ and Sx) 126 26 . 35 7-60 72 
521 (S and S ) 98 26 49 9-98 50 
613 (SQ and S^) 70 26 34 20-74 51 
567 (SQ and Sx) • 96 26 49 • 17-162 49 
533 (SQ and Sx) 106 26 53 15-98 50 
• 
Mean 53 
241 (S2 and S J 33 14 11 1-75 ' 67 
262 ( 3 2 and S 3) 47 26 14 2-49 69 
214 ( S 2 and S 3) . 75 26 28 3-73 63 
Mean 66 
yielding entry in the experiment was an inbred segregate in Family 56?.° 
C.V.1 s in these analyses ranged from 14.8 to 68.0$. In the latter 
case, involving Family 241, only 14 of the 26 segregates produced seed. 
These C.V.1 s for seed yield were higher in every family than those for» 
sfeed weight or fertility index, indicating that more replicationsoor 
more plants per replication would be desirable in determining seed 
Table 21. Analyses of variance of seed yields for clonal and inbred progenies of 10 selected 
clones 
Source of 
variation D.F. Mean square D.F. Mean square D.F. Mean square D.F. Mean square 
Replications 
Entries 
Clonal vs inbred 
Among inbreAs 
Error. 
C.V. ($) 
Replications 
Entries 
Clonal vs inbred 
Among inbreds 
Error 
C.V. 
Replications 
Entries 
Clonal vs inbred 
Among inbreds 
Error 
C.V. ($) 
Family 471 
2 4]0 
26 574** 
1 1,755** 
2*5 . 527** 
51a 34 ' 
22.0 
2 
26 
Family 613 
1 
25 
52 
267 
893** 
3,781** 
778** 
52 
20.3 
Family 241 
2 418 
14 • 1,205** • 
1 1,391** 
13 1,191** 
28 72 
68.0 
2 
26 
Family 383 
1 
25 
52 
100 
348** 
925** 
325** 
26 
24.7 
.2 
26 
Family 567 
1 
25 
52 
727 
3,350** 
6,336** 
3,231** 
88 
18.5 
2 
26 
Family 262 
52 
1 
25 
34.4 
56 
392** 
3,049** 
285** 
• 30 
Family 547 
2 944 
26 1,452** 
1 23,896** 
25 554** 
52 99 
26.1 
Family 533 
2 145 
26 1,409** 
1 8,131** 
25 1,140** 
52 7.7 
15.9 
Family 214 
2 283 
26 ' 1,163** 
1 6,434** 
• 25 . 952** 
52 108 
34.8 
Family 521 
2 492 
26 1,963** 
1 6,994** 
25 1,762** 
52 56 
14.8 
a0ne degree of freedom 16st in the estimation of a missing plot value (65, page 310) 
**Significant at the 1$ level 
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° 
yield capacity of individual genotypes. ° 
« 
Bloom date . . ° 
Significant mean differences in bloom date among segregates were 
not, found in three of the ten families, as shown by the analyses of • 
variance in Table 22. Generally, the mean bloom date for the inbred 
progeny was one or two days later than mean bloom date for the clonal 
progeny in the same family (Table 23)• This difference was signifi­
cant at the 1$ level in Family 214 and at the yj* level in Family 241. 
Mean squares for among inbred plants were significant in three families 
at the 5$ level and in four families at the 1$ level. Within progenies, 
ranges in mean bloom date -varied from 2 to 9 days. The clonal progenies 
of Families 241 and 4?1 bloomed earlier and later, respectively, than 
any of the other clonal progenies. However, none of the inbred plants 
bloomed earlier than clonal progeny of Family 241, but a number bloomed 
later than clonal progeny of Family 471, as shown in Table 23. Thus, 
inbreeding of this material increased the range in performance, but 
only created opportunities for selection of later-blooming genotypes. 
Genotypic variances and heritabilities • 
Percent genotypic variance was estimated for each of the four 
traits on. a within-family basis, using the procedure, described by Burton 
and DeVane (9). The percentages for each family as well as pooled 
estimates are presented in Table 24. For seed weight, fertility and 
seed yield, percentages were relatively high in every family indicating 
large genotypic differences in relation to environmental effects. The 
percentages for bloom date were lower and more variable. Since these 
Table 22. Analyses of variance of bloom dates for clonal and Inbred progenies of 10 selected . 
clones 
Source of Mean Mean Mean • Mean Mean 
variation D.F. square square square square . square . 
• 
Family 471 Family 383 Family 54? Family 521 Family 613 
Replications 2 80.5 90.1 42.5 1.5 32.8 
Entries 26 12.2** ' ' 8.2 4.3 0.9 7-7• 
Clonal vs inbred 1 • 0.3 5.0 . 5.5 • 1.8 2.8 
Among inbreds 25- 12.6^ 8.4 4.2 0.9 • 7.9* 
Error 52 5-0 7.1 4.3 0.5 4.0 
C.V. ($) 17.2 22.9 19-3 7.2 17.7 
Family 567 Family 533 Family 262 Family 214 Family 2411 
Replications 2 108.1 3-5 32.2 1.9 1.3 
Entries 26 10.!• 10.9** 12.2* 5.8** 7.2" 
Clonal vs inbred 1 8.3 • 1.5 21.1 10.0^ 6.5^ 
Among inbreds 25 10. !• 11.3** 11.9* 5.6^* 7.2** 
Error 52 ' 5.1 2.0 6.2 1.0 1.0 
C.V. ($) 19.2 14.4 25-3 11.0 13-5 
^Degrees of freedom for this family are 2, 16, 1, 15 and 32, respectively. 
•Significant at the 5$ level 
••Significant at the 1$ level 
o o 
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Table 23. Mean performance for bloom date of the cloifal and inbred 
progenies of 10 selected clonal families in 1958 
Parental clone Inbred progeny 
Family Blocs date 
(June) 
No, of 
plants 
Bloom date (June) 
Mean Range 
471 (S0 and Sx) 13 26 13 • 10.-16 
383 (S0 and SL) 10 26 12 8-15 • 
547 (SQ and S1) • 9 26 11 9-13 
521 (SQ and SL) 9 26 10 9-11 
613 (SQ and Sj) 10 26 11. ' ' 9-16 
567 (SQ and S^) 10 26 12 10-15 
533 (SQ and Sx) 9 26 10 . 6-15 
241 (S2 and S3) 6 16 8 6-10 
262 (Sg and S^) 7 26 10 7-15 
214 (S2 and SJ ' • 7 26 9 6-13 
estimates would be influenced by the extent of genetic segregation, it 
would appear that bloom date is determined by fewer genes than the othe 
traits or that the parental clones were more homozygous for these genes 
Weather variations during blooming affected date of bloom, increasing 
the environmental effect. This also may explain in part the lower ' 
estimate^ for bloom date. Pooled estimates for seed weight, fertility 
and seed yield were quite similar. 
o 72 
Table 24. Estimates of percent genotypic variance for four agronomic 
traits within the inbred progenies of 10 selected clonal 
families 
Seed Fertility Seed Bloom 
Family a*c j " index yield date 
471 91 79 ' 83 34 
• 383 • 61 51 79 • • 6 
547 85 66 60 0 
521 85 44 91 19 
613 82" 94 •82 24 
567 87. 88 92 25 
533 83 92 82 61 
241 84 70 . 84 66 
262 83 76 74 23 
214 80 70 72 62 
Pooled 84 76 84 25. 
Progeny-parent correlation and regression coefficients are presented 
in Table 25'- All values were positive and significant at the 1°jo level. 
The correlations were similar in value. "For fertility.index and bloom 
date", the regression coefficients were larger than those for. seed weight 
and seed yield, indicating a greater degree of heritability. Progeny- ' 
parent associations for seed weight and seed yield were•identical whether 
estimated by correlation or regression values. However, since seed 
weight is a components of seed yield, a higher degree of association 
was expected for the former. 
Interrelationships 
Phenotypic, genotypic and environmental associations among the 
traits, seed weight,- fertility index, seed yield and bloom date, were 
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Table 25. Progeny-parent correlations and. regressions for four 
agronomic traits 
Character Correlation Regression 
Seed weight 0.83 0.39 
Fertility index 0.90 1.19 
Seed yield 0.83 0.J9 
Bloom date' 0.94 0.78 
estimated by covariance analyses (24)1 The correlation coefficients 
obtained are presented in Table 26. Generally, genotypic correlations 
were quite similar to the corresponding phenotypic values, but environ­
mental correlations were smaller in magnitude and inconsistent in di­
rection. All phenotypic correlations among seed weight, fertility index 
and seed yield were positive. Between seed, weight and fertility, the 
phenotypic correlations were significant at the 5$ or 1% levels in nine 
of the ten families. • Both the pooled phenotypic and pooled environ­
mental correlations were significant at the 1$ level. Phenotypic corre­
lations between seed weight- and seed yield were significant (1$ level) 
in five families, and the pooled estimate was also significant•(l% level) 
There was po evidence of a consistent environmental- association between 
these two traits, since the pooled correlation was 0.00-. Phenotypic 
correlations between fertility and seed yield were consistently high 
and significant (1$ level), while .the pooled environmental correlation 
was positive and significant"at the same level. 
Table 26. Phenotypic (rp), genotypic (tq.) and. environmental (r%) simple correlations among four 
yield traits in the inbred progenies of 10 selected clones 
Family rP - rG rE • rP rG rE rP rG rE 
Seed weight and fertility Seed weight and seed yield Seed weight and bloom date 
4?1 0.66** 0.69 0.06 . 0.81** 0.84 0.13 -0.48* -0.64 0.04 
0.33 0.31 0.41* 0.48 0.57 -0.17 0.04 0.26 -0.11 
547 . 0.68** 0.72 0.28* 0.37 ' 0.45 -O.3O* -0.02 0.00 0.14 0 
521 0.54** 0.55 0.53** 0.37 ' 0.36 0.04 -0.07 • -0.06 -0.17 
' 613 O.56** 0.58 -0.02 • O.38 0.41 -0.14 -O.29 -0.44 0.08 
567 0.75** 0.76 0.41** 0.78** 0.80 0.08 -0.18 -0.3C) 0.19 
533 0.43* 0>4 0.22 O.36 0.37 0.19 -0.53** -0.60 -0.03 
241 O.96** 1.00' ' 0.24 0.91** 0.95 0.02 -O.34 •-0.37 -0.14 
262 . 0.78** 0.83 0.17 0.'54** • 0.60 -0.13 -0.14 -0.24 0.10 
214 0.78** 0.80 0.54** 0.76** 0.83 0.02 -O.39* ' -0.46 0.12 
Pooled 0.58** 0.28** 0.51** 0.00- -0.26** 0.03 
Fertility and seed yield Fertility and bloom date Seed yield and bloom date 
471 0.72** 0.78 -0.02 • -0.61** -0.74 -O.32* -O.65** -0.8? 0.01 
383 0.52** 0.58 0.22 0.16 0.62 -0.12 .0.21 0.77 -O.29* 
547 0.70** .0.76 0.28* -0.40* 0.00 -0.33* -O.38 0.00 -0.20 
521 0.72** 0.81 0.51** 0.01 0.30 -0.35* -0.18 ' -0.22 -0.29* 
613 0.76** 0.78 0.13 0.15 0.19 0.21 .0.26 ' O.36 0.08 
567 0.81** 0.84 -0.01 • -O.I5 -0.19 -0.11 -0.36 -0.50 " -0.11 
. 533 0.52** 0.55 -O.O3 -O.57** -0.64 •-0.03. -0.56** -0.66 0.15 
241 0.79** 0.84 O.36** 0.30 0.42 -0.23 -0.30 -0.27 -O.47 
262 O.83** 0.90 0.16 .-O.O5 -O.13 0.16 -0.05 -0.06 -0.02 
214 0.74** 0.80 0.28* -0.49* -O.56 0.11 -O.55** -0.6% -0.10 
Pooled • O.65** 0.20** -0.14* -0.01 -0.26** -0.08 
•Significant at the 5% level 
••Significant at the 1$ level 
Correlations involving bloom date were both positive and negative 
and generally low in magnitude. Pooled phenotypic correlations between 
seed weight and bloom date and between seed yield and bloom date were 
negative and significant (1^ level), while that between fertility and • 
bloom date was also negative but significant at the 5$ level.. There 
was no consistent environmental association between bloom date and any 
of the other three traits. These results for bloom date would indicate 
that selection for later types would tend to have an adverse effect on 
seed attributes. 
Partial correlations among. ?eed weight, fertility index and seed 
yield were estimated, using the coefficients of the appropriate simple 
correlations. The results, presented in Table 27, are essentially' the 
same as those obtained with simple correlations. Genotypic and pheno­
typic values were quite similar. Generally, the phenotypic partial 
correlations were lower in magnitude than the comparable simple corre-. 
lations. For the most part, adjustment of the environmental correla­
tions changed their value only slightly. 
All pooled phenotypic correlations were positive and significant 
(l$ level). Phenotypic associations between fertility and seed yield 
were generally higher than between seed weight and seed yield. Since 
this result was also evident in Table 26, it would appear that ferti­
lity is more important in the determination of final yield than seed 
weight. The pooled correlations among seed weight, fertility index 
and seed yield indicate no adverse effect bf selection for any one of 
these traits. 
Table 27. Phenotypic (r-p), genotypic (r&) and. environmental (r-g) partial correlations among four 
yield traits in the inbred progenies of 10 selected clones 
Family 
rP rG rE rP rG rE rP rG rE 
Seed weight and fertility Seed we ight and seed yield Fertility and seed yield 
471 0.18 0.10 0.07 0.6k** 0.67 0.13 0.43* 0.51 -O.O3 
383 0.11 -0.25 0.^6** 0.38 0.50 -O.3O 0.43 0.52 0.33* 
547 0.63*+ 0.67 0.40^* . -0.21 -0.28 • -0.42^+ 0.66 +^ 0.75 O.kQ** 
521 O.kj* 0.1*4 0.59** • -0.04 -O.I3 -0.31+ 0.66#+ 0.78 0.57** 
613 0.k5* 0.46 0.00/ . -0.08 
-O.O9 -0.14 0.71** 0.74 • 0.13 
567 0.33 0.28 0.4l** 0.44+ 0.46 0.09 0.5^** ' O.58 -0.04 
533 0.30 ' 0.30 0.23 0.16 0.17 0.20 0.44^ 0.47 -0.08 
241 0.94** 1.22 0.2-5 0.86* a -O.O7 —0.66 8. O.36 
262 0.71^* 0.84 0.20 
-O.30 -0.62 -0.16 O.77-- 0.90 0.18 
214 0A9* 0.42 0.55** 0.44* 0.54 —0.16 O.36 0.39 0.32* • 
Pooled O.38•• . 0.28**. O.22^ • -0.08 0.50^* 0.21^ 
^o estimate possible as value in denominator is zero • 
•Significant at the 5$ level 
••Significant at the 1% level 
Recurrent Selection for Seed Weight 
Results presented in previous sections have indicated that selec­
tion should be effective for isolating genotypes superior in seed weight. 
The next logical step from a oreeding- standpoint in a study such as this 
-is to evaluate the possible consequences of such selection. For this 
purpose 20 clones were chosen from the original Topcross Nursery, 10 of 
which were highest and 10 lowest in seed weight. Each group was recom-
bined in isolation and approximately 500 polycross progeny plants from 
each were evaluated for seed weight in the first cycle of divergent 
recurrent selection. 
Data on seed weight for the two groups of progenies are summarized 
in Table 28. Generally, mean seed weights for the clones were higher 
in 1958 than in 1954, but the relative ranking of the clones within 
each selected group was not the same for the two years. The mean of 
the 10 clones selected for high seed weight was 0.193 grams per 50 seeds 
in 1954 and 0.206 in 1958, a difference of 0.013 grams per 50 seeds. • 
For the 10 clones selected for low seed weight the mean in 1958 was 
0.145 grams per 50 seeds, 0.025 grams larger than the mean in 1954. 
For the two clones selected as checks, mean seed weight in 1958 was 
0.037 grams larger than that in 1954. Thus, the checks showed a greater 
increase in seed weight than either group of selections. No apparent 
explanation for these differences can be made other than experimental 
errors and genotype-environmental interactions. 
Within each of the two selected groups, the range of progeny means 
was less than the range of parent clonal means, and the mean seed weight 
o 
o 
Table 28. Mean seed weights of 22 selected clones in 1954 and 1958, 
and of their polycross progenies in 1958 
O 
° Polycross 
Family Clonal means8, progeny 
1954 1958 means3 
Selection for high seed weight 
547-96 0.210 0.222 0.193 
109- 6 0.207 0.190 0.193 
11-5- 5 0.207 0.202 0.203 
507-88 0.197 . 0.218 0.191 
545-99 0.193 0.188 0.197 
322-59' 0.190 0.206 0.188 
445-65 0.188 0.225 O.192 
311-44 0.180 0.217 0:195 
541-93 0.180 0.199 0.193 
129-17 • 0.178 0.195 0.192 
Mean ' 0.193 0.206 0.194 
Selection for low seed weight 
318-45 0.125 0.160 0.159 
510-82 • 0.125 ' . 0.152 0.136 
552-92 0.125 0.134 0.125 
521-90 0.125 0.110 0.135 
458-65 0.122 0.132 ' ' 0.144 
434-0O 0.120 0.161 0.155 
401-42 0.115 0.201 . 0.159 
242-29 0.115 0.144 0.142 
531-39 0.115 0.126 0.135 
129-12 0.105 O.i33 0.129 
Mean 0.120 0.145 0.142 
• Checks 
541-91 0.148 0.187 
408-44 0.148 0.182 
— — 
Mean 0.148 0.185 
aAll means expressed in grass per 50 seeds 
o 
o 
of all progenies was less than that of the 10 parental clones. The 
latter difference was found" to be non-significant in each group bjf 
the t-test. 
Seed weight distributions for the progeny plants in each group 
are illustrated graphically in Figure 4. The distribution resulting 
from seleçtion for high seed weight was based upon data obtained from a 
total of 488 plants, and'that fqr the reverse selection upon data from 
498 plants. The range in- .seed weight per plant was 0.073 to 0.270 
grams per 50 seeds, or, converted to a 300-seed equivalent, 0.44 .to 
1.62 grams. Since the range in the original population was 0.60 to 1.26 
grams per 300 seeds (see page 37) it can be seen that one cycle of 
divergent recurrent selection increased the range in performance con­
siderably. 
In this graph the two distributions appear distinctly different. 
Mean seed weights for plants resulting from selection for high seed 
weight ranged from 0.115 to 0.270 grams per 50 seeds or. from 0.69 to 
1.62 grams per 300 seeds. The polycross plant with the highest seed 
weight was found in Family 5^5-99, and it is interesting to note that 
the SQ clonal progeny of this family had the lowest seed weight in'the 
same year. Seven of the 10 families were represented in the upper 
three seed weight classes. Families 5^7-96, 322-59 and 5^1-93 had no 
plants in these classes, although Sq clonal progenies of these families 
ranked 2, 5 and 7, respectively, in mean seed weight in 1956. Mean 
seed weights among plants resulting from the reverse selection ranged 
from 0.073 to O.213 grams per 50 seeds or from 0.44 to 1.28 grams per 
300 seeds. The two plants in the lowest seed weight class were in 
igure 4. Mean seed weight distributions for 986 plants resulting from one cycle 
divergent recurrent selection for high and low seed weight 
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Family 552-92, but the SQ clonal progeny of this family ranked sixth 
in mean "seed weight 4n 1958. Apparently, parent clonal means were not 
necessarily indicative of relative ranges in performance within the 
corresponding polycross progenies. 
In the analysis of variance of the data, parental clone values 
were not included, because of their variable numbers." Since the pri­
mary purpose of this analysis.was to compare mean seed weights of the 
check clones with those for each group of polycross progenies, only 
the two' check means and the 20 progeny means' for. each replication were 
analyzed. The analysis of variance is presented.in Table 29. As would 
be expected from the data presented in Table 28 and Figure 4, the mean 
square for checks vs "high" progenies vs "low" progenies was signifi­
cant (lfô level). When compared using L.S.D. values, the mean of the 
"high" progenies was significant (5% level) above the checks' mean, 
while the "low" -orogenies were significantly below at the 1$ level. 
The difference between the two checks was also found to be significant 
•(5$ level). Differences among progeny means were .significant at the . 
li level in the low group but were non-significant in the high group. 
In Table 28, it can be seen that the mean seed weights of the polycross 
progenies are less variable within the high group than within the low 
group. 
The variance among clonal pronagules of each check was calculated 
in each replication. These value9 were pooled* and the pooled variance 
is given in Table 30. This provided an estimate of environmental vari­
ance and was used to calculate the standard deviation classes presented 
in Figure 4. Consequently, individual plant means in classes which 
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Table 29. Analysis of variance 
divergent recurrent 
of seed weights after 
selection 
0 
one cycle of 
° 0 0 
Source of variation D.F. " 
Mean, square 
(x 1,poo,"000) 
Replications 4 293 
Entries 21 3,682** 
Checks vs H vs L 2 34,961**_ 
Between checks 1 . 54» . 
Within H 9 81 
Within L 9 735** 
R x E 84 60 
R x checks vs H vs L 8 112 
R x between checks 4 ' 6 
R x within H 36 66 
R x within L 36 49 
Total 109 
aThe symbols H and. L represent the progenies of clones selected 
for high seed weight and low seed weight, respectively 
. •Significant .at the 5$> level 
••Significant at the 1$ level 
are two standard deviation units apart may be considered significantly 
different at the 5$ level. 
Pooled within-plot variances for the progenies are also presented 
in Table 30. To estimate genotypic variance for each of the two groups 
0 
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Table 30* Within whole-plot 
•progenies and two 
variances for 
check clones 
seed weights of 20 polycross 
Source of variation D.F. 
Mean square 
.(x 1.000.000) 
Progenies 886 564 
Within H8, 438 " 715 
Within Lb ' 448 4l6 
Checks 37 32 
aPolycross progenies of clones selected for high seed weight 
. Polycross progenies of clones selected for low seed weight 
of progenies, the variance for the checks was subtracted from that of 
the appropriate groupi These estimates, expressed as a percentage of 
the phenotypic variance, are presented in Table 31 along with the geno-
typic coefficients of variation (8). They indicate that there are still 
relatively large genotypic differences within the progenies of each 
group and that opportunity still exists for further progress in diver­
gent recurrent selection for seed weight. 
Table ]1. Percent genotypic variance and genotypic coefficient of 
variation after one cycle of divergent recurrent selection 
Genotypic variance Genotypic C.V. 
Progenies ; (%) \ja) 
High seed weight 96 13.5 
Low seed weight 92 13.8 
The primary objective of this study was to explore possibilities 
of breeding new varieties or synthetics of bromegrass with increased 
seed weight. In this regard, several factors which may influence the 
relative success of such a breeding program can be considered. Some 
of these are : (a) variability in performance within the population, 
(b). heritability of seed weight and (c) relationships between seed 
weight and other agronomic traits. The experimental results previously 
presented will be discussed with .concern to these factors. 
For the two original groups of clones evaluated, ranges in mean 
seed weight were quite- similar. Since clones of differing origins 
were included, it would appear that a reasonably adequate representation 
of smooth bromegrass was obtained. Inclusion of more clones in either 
group probably would have increased the range only slightly. 
Inbreeding was of little value as a means of isolating genotypes 
superior in seed weight performance, or in performance for the other 
traits studied. Among the 230 inbred segregates, the range in mean 
seed weight was 0.52 to 1.32 grams per 300 seeds, which was only slightly 
greater than that in the Polycross Nursery where only 71 plants were in­
cluded. For seed weight as well as for fertility and seed yield, few 
segregates were found which were superior to the clonal progeny of the 
same family. Mean inbred performance was considerably below mean clonal 
performance for all traits, which seems to be a general phenomenon 
accompanying inbreeding in forages. These results support the conclu­
sion of previous workers that inbreeding would be of little value in 
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improvement of seed yield or its components in bromegrass (55,60). 
Recurrent selection, ®n the other hand, would appear to be a suit­
able breeding procedure for seed weight improvement. In the first cycle 
of divergent recurrent selection, the range in mean seed weight was 
approximately double the range for the original clones in the Topcross 
Nursery. Moreover, about 50 polycross progeny plants were superior to 
the best clonal progeny in seed weight performance. However, it should 
be pointed out that over four times as many plants were evaluated in 
the recurrent selection study as in the inheritance study. Larger 
numbers, of course, would increase the probability of obtaining super­
ior genotypes but would not explain all of the increase in variability. 
Each inbred segregate was evaluated for seed weight on the basis of 
six samples, while each plant in the polycross progenies was evaluated 
by only two samples. Thus, inbred segregates were evaluated more pre­
cisely. Since sampling errors were not estimated in the recurrent 
selection study, precision of determinations for the two types of pro­
genies cannot be compared or used for explaining, in part, relative 
differences in variability. 
Results obtained' in the sampling study indicate that two samples 
of 50 seeds each are statistically adequate and economically feasible • 
for evaluation of spaced plants. This conclusion also was borne out . 
by results of the inheritance study in which C.V.1 s from the seed weight 
analyses ranged from 2.7 to 4.8% It should be emphasized that this 
procedure has been developed for a study of spaced plants (individual 
genotypes or clones) only. Polycross progenies of the 71 clones in 
the Polycross Nursery were evaluated for seed weight by counting one 
» 
o o • 
sample of 150 seeds from each of the five replications in the Polycross 
o • 
Test. The C.V. from this analysis, based upon experimental error rather 
than sampling error, was only 5$- Therefore, it would appear that the 
method of evaluation was reasonably precise. However, further research 
probably should be carried out in order to develop a suitable sampling 
technique for solid stands composed of a mixture of genotypes. In 
such a study number of seeds per sample, number of•samples per repli­
cation, and cost again will need to be considered. ' 
Progeny-parent regression values for seed weight were relatively 
low in this study. For mean seed weights of clones in the Polycross 
Nursery and those of their polycross progenies, the regression was 
non-significant (b r 0.09). However, the polycross' progenies were 
grown in solid stands and in a different year. In the inheritance 
study, the regression of inbred progeny means on clonal means was sig­
nificant at the 1$ level (b z 0.39). The correlation coefficients were 
O.56 and O.83, respectively, for the two experiments and were signi­
ficant (l$ level). Regression values were lower than that reported by 
Nielson (55)• These differences emphasize the fact that regression 
values apply only to the material studied, as has been pointed out 
elsewhere (8). Methods of planting, season of evaluation and type of • 
progeny test all would be expected to influence beritability estimates 
obtained by progeiy-parent regressions. Since clones are usually evalua­
ted in spaced plantings and progenies in solid stands, it would seem 
that beritability values obtained in this way would have more value in 
a breeding program. Estimates obtained from spaced plantings are of 
value in a relative sense, of course. 
In this, study, seed weight was estimated to-be less heritable than 
fertility or bloom date, but similar to seed yield. Nielson (55) re--
ported that combining ability for seed weight was more heritable than 
that for seed yield or panicle production, but less so than for fer­
tility. Herein, phenotypic clonal selection for high and low seed 
weight resulted in separate frequency distributions for the two groups 
of nolycross progenies. On the basis of this result, it might"be con­
cluded that seed weight actually is relatively high in beritability in 
spaced plantings. 
To evaluate progress made by recurrent selection, the ideal method 
would be to compare progeny performance in each.cycle with that of the 
original population grown and evaluated in the same year. However, 
this is not always possible. In the present study original clones rep­
resented a wide range of germplasm sources and no one source could be 
considered representative. Another alternative is to plant remnant seed 
from preceding cycles and compare performances.in the same'year. For 
the first cycle, however, this procedure is not applicable. In the re­
current selection experiment reported herein, it would have .been almost 
impossible to grow and evaluate all of the original clones from the 
Topcross Nursery. On the basis of information available at the begin­
ning of the'experiment, two clones, representing the mean of the original 
population, were considered to be adequate as a check. If these clones 
were representative of the mean which would have resulted from growing 
all original clones in 1958, tnen it would appear that selection for 
low seed weight was more effective than selection for high seed weight. 
However, there is some doubt as to the validity of such an assumption. 
„ Data presented in Table 28 indicate that ther'e was a substantial clonal 
z environmental (or year) interaction. This was also indicated in the 
„ inheritance study (see Table 16). Such an interaction could explain 
. why the mean of the check clones was closer to the mean of the high 
group than to that of the low group in 1958, while the reverse was 
true in 195^ • Also, it would explain the significant difference be­
tween the two check clones in 1958. Errors in the original evaluation 
could be a factor, although it seems unlikely that weights for both 
clones would have been in error by a similar amount. In this connection, 
it should be pointed out that the parental and check clones were es­
tablished as vegetative propagules in September, 1957, while the poly­
cross progenies were established as seedlings. Differences in clonal 
and polycross progeny vigor were still evident at time of harvest in 
1958. This may have affected the results, since previous evaluations 
indicated that seed weight and vigor are positively associated (see 
Table 4). To reduce such associations, plants probably should not be 
evaluated for seed weight until they are well-established. 
As was pointed out earlier in this dissertation, clones in the 
Topcross Nursery had not been selected for seed weight performance. 
However, selection was based on a number of attributes such as hay 
vigor and seed yield per plant which appear to "be positively associated 
with seed weight. The effectiveness of such indirect selection in 
altering the relative frequencies of genes affecting seed weight is -
unknown. If it is.assumed that such frequencies have been altered by 
an appreciable .amount in favor of heavier seed, then selection for lower 
seed weight would be expected to be more effective than that for high 
seed weight. The validity of such an assumption can be tested by con­
tinuing this recurrent selection procedure and evaluating progress in 
succeeding cycles. The genotypic variance found among plants within 
polycross progenies does indicate that further progress might be made. 
To evaluate progress in succeeding cycles, remnant Syn-1 seed 
from the recombination blocks might be planted and evaluated along with 
progenies of the next cycle. Using this method, all comparisons would 
be among plants which had been established -as seedlings; on the other 
hand, the 20 parental clones could be used if all plants became suffi­
ciently well established to eliminate vigor differences. Such a study 
as this will of course involve a large amount of land and labor. In 
order to conserve these resources recurrent selection for low seed 
weight probably will be discontinued, since such a procedure is pri­
marily of academic interest and offers no practical application evident 
at the present time. 
Associations between seed weight and other agronomic traits in the 
plant materials studied were very encouraging from the viewpoint of 
selection. Generally, genotypic correlations were quite similar to 
phenotypic values, so little additional information was gained from 
the former. This might be expected when a large number of entries ' 
are involved in determinations. 
Seed weight and seed yield per plant were positively associated 
in clones of the Topcross Nursery, and in inbred segregates of the 10 
clones selected from the Polycross Nursery.- The simple correlations 
(phenotypic) ranged from 0.19 to 0.91, considering all materials studied. 
However, among the inbred progenies, partial.correlations between®these 
two traits ranged from -O.JO to 0.86, and the pooled value was 0.22. . 
In the same material, fertility appeared to be more indicative of 
seed yield than seed weight. A similar conclusion was reported by 
o ' . 
Ni-elson (55) - and Truscott (72) on the basis of data obtained from solid 
stands of topcross progenies and several varieties and strains, respec­
tively. Simple correlations between seed weight and fertility ranged 
from 0.09 to O.96 in the same plant materials. Among the inbred pro- • 
genies, no negative phenotypic correlations were found and the pooled 
partial correlation was 0.38. These correlations are not in agreement 
with previously reported association between these two traits (72). 
However, intercharacter correlations may be appreciably altered by the 
type of plant materials involved and by the planting method. Further 
research needs to be conducted on associations among these components 
in solid stands, which are comparable to farm conditions, as compared 
to spaced plantings. 
In general, correlations involving bloom date were negative, but 
varied in degree of significance. Among the inbred segregates, none 
bloomed earlier than the clonal orogeny of Family 241, which was the 
earliest of those studied. Since it would appear that selection for 
early blooming would facilitate seed yield improvement, the above re­
sult lends further support to the conclusion that inbreeding is of 
little value in such improvement. The effect of selection for earlier 
blooming types upon subsequent forage yield warrants some study. In' 
contrast, many pasture management specialists feel that later blooming 
types of bromegrass should be developed. Attempts to do this would 
very probably decrease seed yield and quality or make it difficult to 
maintain them when considered on the basis of associations found herein. 
Seed weight and seedling vigor, as measured by number of plants 
established and seedling forage yields, were positively associated in 
both grcu'OE of out cross progenies..- Nevertheless. correlations were 
not as large as some previous reported and cited in the literature re­
view. Seeding at deeper deaths might have resulted in higher correla­
tions , but these tests were sown deeper than the usual recommended 
depth for bromegrass. Also, earlier harvesting might have resulted in 
more positive associations, since the effect of initial seed weight 
differences may be largely eliminated by 75 days after planting. Sig­
nificant differences in combining ability for seedling vigor traits 
were found in both groups of material. A similar result was found by 
fiaeber (59)• It would appear, then, that seedling vigor in bromegrass 
might be improved by selection for nigh seedling forage yields or 
establishment, or by selection for heavy seed weight. 
The C.V.•'s obtained in the analyses of seedling forage yields were 
relatively high, about 28% in both tests. In a similar field experiment 
of four replications Raeber (59) reported a C.V. of 12.8%, which is 
considerably less. In that study entries were planted in rows 6 feet 
long but only tne center 3 feet were harvested about three months after 
planting. The reason for the high C.V. 1 s reported .'herein cannot be 
readily explained. However, it would apnear'that larger plots or more. 
replications are needed for precise evaluations. 
The importance of seedling vigor in relation to subsequent forage 
yields warrants more attention. Where differences in stand establish­
ment can be attributed, in part at "least, to differences in seed weight, 
it would seem that improved seed weight would be important in improving 
forage yield. On the o^kher hand, where stands are comparable, the pos-
• o 
Bible relationship between seed weight and subsequent forage yield is 
somewhat more doubtful. Under conditions of moisture stress or compe­
tition from weeds and companion crops,'improved seedling vigor result­
ing from larger seeded types may be of more significance. Further 
research on seed weight effects under such conditions would be desir­
able. 
SUMMABY AND CONCLUSIONS 
1. Two large groups of bromegrass clones were used, to initiate 
an extensive study relating to possibilities of improving seed weight. 
Primary objectives were estimation of variability in seed weight, its 
relative heritability and interrelationships with other agronomic traits. 
An additional objective was the development of a sampling procedure for 
evaluation of seed weight in spaced plantings. 
. 2. Polycross seed of the first group of 71 clones ranged, in mean 
seed weight from 0.71 to 1.3® grams per 300 seeds. Topcross seed from 
the second group of 203 clones ranged in mean seed weight from 0.60 
to 1.26 grams per 300 seed.6. Differences in mean seed weight were 
statistically significant (1 level) in both groups. Among the 71 
polycrossed clones, seed weight exhibited a correlation of 0.25 with 
open-pollinated fertility. For the topcrossed clones, seed weight 
showed correlations ranging from 0.19 to 0.43, 0.26 to 0.30 and 0.26 
to 0.31 with seed yield, hay vigor and leaf width, respectively, de­
pending upon, the level of phenotypic desirability of the clones. 
Associations between seed weight and fertility were more variable. 
Seed weight was not significantly associated with leafiness, bloom 
date or leaf.disease in this group. No associations that would ad­
versely affect selection for .improved seed traits were apparent. Mean 
seed weights of the 71 polycross progenies in a seed yield test showed-
a significant (1$ level) association with clonal means (r = O.56), 
but the progeny-parent regression, 0.09, was non-significant. 
O o 
O 
3. Inbred progenies of 10 clones selected from the Polycross 
Nursery were» evaluated for seed weight, fertility, seed yield and 
bloom date in repliœtred spaced plantings overseeded with alfalfa. 
Mean percentages of inbreeding depression in seven Sq-S-^ comparisons 
were 21, 2Q and.^31° for seed weight, fertility and seed yield, re­
spectively, and 19, 2k and 66'^, respectively, in three Sg-S^ compari­
sons. On the average, inbreeding resulted in a delay of one to two days 
in bloom date-. Significant, differences in performance were found among 
segregates in each inbred progeny for seed weight, fertility and seed 
yield indicating genetic segregation. The range in mean seed weight 
among the 230 inbred plants was 0.52 to 1.32 grams per 300 seeds, but 
few superior segregates were found. Relative ranges in performance 
were comparable for seed weight and fertility but greater for seed 
yield. Conclusions were that inbreeding would be of little value for 
obtaining superior genotypes for any traits studied. 
k. Phenotypic simple correlations among seed weight, fertility 
and seed yield in the inheritance investigation were all positive, with 
all pooled correlations significant at the 1% level. The phenotypic 
partial- correlation between fertility and seed yield (r z 0.50) was 
higher than that between .seed weight and seed yield (r = 0.22), al­
though both were significant (1% level). This shows that selection 
for nigh fertility and seed weight would tend to improve seed yield. 
Pooled phenotypic correlations between bloom date and the other three 
traits were all negative and significant or 1$ level) , indicating 
the difficulty of selecting for late types with high seed yielding 
ability. Progeny-parent regression values for the four traits all 
96 o » 
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were significant (l% level). The regression value foresee! weight, 
0.39» was equal to that for seed yield but lower than that for fer­
tility, 1.19» or bloom date, 0.78. Progeny-parent correlations for 
the four traits were all comparable and significant (Ifi level), ranging 
from 0.83 to 0.94. 
5. ' From the Topcross Nursery, 10 of the highest and 10 of the 
lowest clones for seed weight were selected and each group recombined 
in isolation. Almost 500 polycross progeny plants from each group • 
were evaluated for seed weight. Total range in performance was 0.44 
to 1.62 grams per 300 seeds, almost double the range'in the original 
population. Frequency distributions for the two progeny groups were 
distinctly different. Percent genotypic variance within both progeny 
groups was over 90'%, indicating that opportunity for further progress 
by recurrent selection still exists. 
6. Polycross and topcross progenies of the original group of 
clones also were evaluated for stand establishment and seedling for­
age yields. Both of these traits were positively associated with seed 
weight. Covariance analyses indicated that not all differences in 
performance could be attributed to differences in seed weight. Dif­
ferences in seedling vigor attributes were significant (1% level) but 
few orogenies were superior to .the check variety, Fischer. 
7. A sampling study was conducted to estimate optimum sample size 
and number for evaluating clones for seed weight. Relative precision 
was estimated by C.V.1 s, and relative costs by time required for count­
ing and weighing. .Results indicated that two samoles of 50 seeds gave 
a reasonably precise determination for a low relative cost. C.V.1 s 
97 
O 
obtained from analyses of seed weight for inbred segregates supported ° 
this conclusion. 
8. Application of these results to improvement of seed weight 
in "bromegrnss was discussed. Results indicate that seed weight is a 
relatively heritable trait and that improvement should be possible. 
o 
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Table 32. Mean selfed seed set, open-pollinatêd fertility index, and 
seed weight for ?1 Sq and Sg clones and their polycross 
progenies 
— • • • 
Seed weight 
No. of (wt./300 seeds) 
Clonal selfed seed Open-pollinated Parent Polycross 
designation per panicle*3 fertility index0 Clone 
TOCO 
— y 1952 _ '  19>6_ 
7 4.0 60 1.26 0.81 
8 • 3.2 62 1.29 0.65 
.  208 - 56.7 67 1.13 0.79 
15 30.1. 55 1.06 0.83 
214 14.3 - 59 . 0.87 0.75 
19 28.4 58 0.95 - 0.76 
22 5> .  ' 6 5  0.89 0.80 
220 4.1 • 52 0.95 0.78 
23 1.2 1.03 0.78 
222 0.5 48 0.89 0.79 
24 4.4 66 1.03 0.82 
28 8.7 57 1.03 0.88 
226 15.6 30 0.87 0.8?. 
31 - 3.5 65 1.03 0.83 
227 3.8 61 0.94 0.72 ' 
34 o.g "58 1.04 0.81 
231 2.6 46 1.11 0.88 
40 2.6 54 1.04 0.82 
235 9.1 57 1.11 0.83 
42 5.9 41 1.02 0.84 
• 44 13.3 56 1.20 0.78 
238 0.6' 28 0.88 0.72 -
46 23.3 62 1.08 0.84 
239 2.1 55 0.84 0.78 
1  52 2.4 56 0.93 0.75 
241 5.1 52 1.20 0.94 
53 2.1 59 1.04 0.80 
244 0.1 36 1.23 0.88 
56 '2.9 49 0.77 0.74 
59 0.5 . 46 0.98 0.81 
aBased on 4 samples of 300 seeds each for parent clones and 5 
samples of 150 seeds each for polycross 
^Based on 8 samples of 2 panicles. 
0 
« 
cWeight of clean seed per.2 panicles divided by panicle weight 
times 100 for 8 samples 
o 
o 
o 
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Table 32. (Continued) 
Seed weight 
No. of (wt./30Q seeds) 
Clonal selfed seed Open-pollinated. Parent Polycross 
designation per panicle*1 fertility index0 Clone 
1952 1952 1952 1956 
61 36.0 61 0.92 0.79 
249 0.8 18 0.76 0.79 
63 • 2.4 59 . 1.10 0.77 
251 3.0 71 1.10 O.83 
65 "0.0 45 0.73 0.76 
253 0.1 21 0.71 0.77 
67 0.8 47 0.74 0.77 
254 2.3 47 • • 1.06 0.76 
74 17.6 60 1.22 O.89 
260 2.2 60 1.10 .0.64 
75 8.7 67 1.08 0.80 
262 ' 18.8 46 1.02 0.80 
76 5.4 62 0.98 . 0.76 
77 4.9 59 1.09 0.74 
79 106.9 62 0.89 0.7 4 
470 70.6 60 . 1.16 0.74 
90 8.4 55 1.09 0.78 
269 1.8 34 0.81 0.75 
383 20.2 45 1.12 O.85 
436 • 13.7 38 1.08 O.83 
438 26.2 60 1.03 0.78 
457 55.9 62 0.88 0.74 
465 35.2 58 " O.96 0.78 
466 • 30.9 51 0.87 0.80 
471 22.-0 • 64 1.30 0.86 
• 475 94.4 . 50 0.92 0.77 
489 3.1 39 1.08 0.82 
503 0.8 69 0.76 0.76 
508 54.6 65 1.01 0.79 . 
509 27.8 55 0.89 0.78 
51C 15.0 ' 47 1.00 O.83 
521 86.2 70 0.99 0.80 
527 106.2 71 0.93 0.78 
533 21.9 65 0.74 0.73 
547 44.1 61 1.12 0.80 
561 48.4 58 O.96 •0.78 
567 128.1 63 0.75 0.75 
585 10.9 59 1.11 0.82 
o o 
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Table 32. (Continued) •0 0 
O 
No. of 
Seed weight 
(wt./300 seeds)a 
Clonal 
designation 
selfed seed 
per panicle 
1952 
Open-pollinated 
fertility index0 
1952 
Parent 
Clone 
1952 • 
Polycross 
1956 
613 
623 
20.6 
20.9 
66 
59 
0.96 
I.03 . 
0.81 
0.75 
616 • 19.3 41 1.09 0.85 
Grand mean 20.5 55 1.00 0.80 
Range 0-128.1 18-71 • 0.71-1.30 0.72-0.94 
o 
o 
o 
6 
O 
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Table 33. Mean seed weights of 203 clones together with mean stands 
and seedling forage yields of their topcross progenies in 
comparison with the variety, Fischer, in 1957 
© 
Seedling forage yields* 
Seed weight Stand (ems./5 feet of row) 
Pedigree (gms./300 seeds) (Seedlings/ Adjusted for 
3 feet of rev*) H"h c 0 a ctund 
101-6 0.88 
• 
118 66 61 
109-6 1.24 126 92 84 
111-4 1.05 103 71 72 
115-5 6 1.24 121 101 94 
120-8 0.80 119 66 61 
„ 123-12 0.90 95 64 68 . 
128-11 1.02 96 82 86 
129-12 0.63 113 53 50 
129-17 1.07 137 84 72 
130-11 0.87 114 •73 69 
132-11 0.77 88 59 66 
132-16 0.82 . 111 31 78 
132-20 0.94 76 59 70 
134-13 0.78 106 71 71 
135-16 0.93 132 82 72 
139-17 0.73 97 • 67 70 
141-^4 0.80 04 79 83 
142-28 0.81 100 6? 69 
146-24 0.74 116 74 69 
149-21 0.83 101 63 65 
149-28 0.99 113 • 88 85 
150-24 1.00 126 104* 97* 
151-22 0.78 • 106 58 58 
154-27 0.95 130 91 81 
159-21 0.79 86 54 61 
165-34 0.93 109 74 73 
165-36 0.76 110 77 75 
166-37 0.92 104 62 62 
166-40 0.88 110 76 74 
168-34 0.91 90 51 57. 
0 
*Dry weight yield of above ground parts harvested 79 days after 
planting on April 18, 1957 
fr e 
1 '"Significantly above or below Fischer at 5% level of probability 
o 
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Table 33. (Continued) 
Pedigree 
169-37 
171-36 
177-36 
177-37 
179-40 
202-5 
202-10 
205-9 
207-3 
213-8 
232-20 
236-17 
236-19 
242-29 
242-30 
245-26 
245-30 
247-28 
249-27 
254-30 
260-24 
260-27 
261-36 
• 265-31 
265-34 
267-39 
268-35 
271-38 
271-39 
272-35 
272-36 
275-35 
276-36 
301-44 
303-44 
303-47 
d weight Stand 
/300 seeds) (Seedlings/ 
3 feet of row) 
0.94 119 
0.89 126 
0.84 121 
O.96 120 
0.81 106 
0.94 113 
1.00 93 
1.08 108 
0.93 111 
0.93 109 
0.97 102 
0.86 103 
0.87 125 
0.69 84 
0.97 120 
0.91 71 
0.72 74 
0.60 76 
1.02 103 . 
0.93 145 
1.01 130 
• 0.69 96 
1.06 105 • 
0.95 120 
0.97 130 
1.00 123 
0.94 138 
0.97 74 
0.97 128 
1.02 105 
0.98 118 
0.85 74 
0.94 126 
0.86 101 
0.90 133 
0.80 0 70 
Seedling forage yieldsa 
(gms./5 feet of row) 
Observed Adjusted for 
stand 
74 
85 
68 
82 
70 
97 
57 
79 
67 
69 
67 
69 
76 
48 
66 
47* 
58 
58 
77 
91 
78 
74 
72 
72 
70 
•£ 
41* 
88 
75 
91 
58 
82 
80 
92 
74 
69 
77 
61 
77 
70 
94 
62 
78 
65 
68 
68 
70 
68 
56 
60 
60 
70 
69 
78 
75 
68 
78" 
72 
66 
61 
63 
67 
53 
79 
75 
86 
71 
73 
82 
81 
87 
o 
v 
o 
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Table 33» (Continued) 
Pedigree 
Seed weight 
(gms./300 seeds) 
Stand 
(Seedlings/ 
3 feet of row) 
Seedling forage yields3-
(gms./5 feet or row) 
Adjusted for 
Observed stand 
303-49 
0 
0.90 116 68 64 
307-43 0.90 108 80 79 
309-44 '*0.77 103 64 » 65 
309-48 0.86 62 41* 50 
311-44 1.08 143 91 77 
311-48 0.91 97 56 60 
317-42 0.92 96 72 76 
318-45 0.75 112 74 72 
322-52 0.93 124 112* 105** 
322-59 1.14 133 tiO ° 69 
323-54 0.94 111 82 80 
323-57 0.99 98 64 67 
332-58 1.02 89 56 62 
333-58 0.93 126 87 79 
336-53 0.81 84 ' 55 63 
338-54 0.72 109 60 59 
338-58 0.88 106 66 66 
341-65 0.84 99 64 ' • 67 
345-61 0.89 87 66 73 
343-64 0.86 100 • 58 60 
350-63 0.86 102 66 69 
350-66 0/98 87 70 77 
353-70 0.76 105 60 59 
361-79 0.90 121 90 • 83 
363-75 0.83 - 115 75 71 
366-71 0.85 101 71 73 
366-72 1.06 128 78 69 
372-79 0.66 83 65 73 
401-42 0.69 107 66 65 
403-49 0.73 75 52 64 
**Significantly above or below Fischer at 1% level of probability 
112 
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Table 33» (Continued) 
o 
Seedling forage yields3 
Seed weight Stand (gms./5 feet of row) 
Pedigree (gm8./300 seeds) (leedlings/ Adjusted for 
3 feet of row) Observed ' stand 
407-50 0.88 132 92 81 
408-44 0.89 82 80 89 
414-43 0.98 125 92 84 
417-43 0.86 121 97 91 
425-51 0.87 96 63 66 
427-53 0.85 . 120 86 80 
428-51 0.93 114 76 • 72 
434-60 0.72 94 65 69 
435-60 0.92 106 80 80 
437-51 0.88 113 76 73 
439-60 0.95 109 71 70 
445-68 0.94 83 64 71 
447-61 0.79 78 56 6 7 
448-63 0.80 81 46* 56 
453-69 0.86 131 91 81 
468-73 0.97 109 • 64 62 
475-79 0.76 J02 68 70 
480-71 0.76 102 65 66 
480-30 0.82 116- 73 69 
502-90 1.09 142 94 79 
507-88 1.18 116 102 98* 
507-90 0.89 91 64 70 
508-90 O.89 102 58 59 
509-88 0.84 98 54 57 
510-82 0.75 112 73 - " 70 
511-82 0.82 89 55 61 
511-85 0.93 106 80 80 
512-90 0.87 134 74 62 
513-90 1.08 90 82 87 
517-81 1.04 147 95 79 
517-84 ' 1.06 112 89 86 
521-81 0.84 130 85 75 
521-90 0.75 98 63 66 
522-85 0.94 86 63 71 
527-86 0.87 85 51 59 
529-84 0.96 122 79 72 
Table 33» (Continued.) 
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Seedling forage yields8-
Pedigree 
Seed weight 
(gms./300 seeds) 
3 
Stand 
(Seedlings/ 
feet of row) 
(gms./S feet or row) 
Adjusted for 
Observed stand 
533-84 0.89 125 74 66 
533-90 0.81 76 51 62 
540-8? 0.77 126 94 85 
541-91 0.89 144 77 62 
541-93 1.08 108 85 84 
543-96 0.85 100 71 73 
545-98 0.94 92 73 78 
545-99 1.16 118 97 92 
547-96 1.26 148 98 82 
550-95 0.96 88 70 77 
550-100 0.82 107 68 67 
552-100 0.94 109 70 69 
553-98 0.91 104 68 68 
554-95 1.02 111 72 70 
554-99 0.99 71 74 ' 88 
554-100 0.91 141 91 77 
555-93 0.86 89 68 74 
556-93 0.84 95 63 67 
561-95 0.74 92 66 71 
562-97 1.03 110 67 65 
573-96 0.68 97 53 57 
SB-42 0.90 95 58 62 
EB-67 0.95 106 60 59 
WB-31 1.00 129 87 78 
WB-35 1.02 113 96 91 
WB-40 0.95 128 92 83 
104-8 0.88 119 75 70 
105-8 0.85 94 56 60 
118-2 0.89 117 90 86 
120-10 0.84 106 64 63 
122-17 0.85 56** 40* 59 
128-14 0.81 104 68 69 
130-19 • O.96 123 84 77 
137-19 0.71 93 42* 47* 
149-25 • 0.80 104 78 78 
211-3 O.83 115 68 64 
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Table 33* (Continued) 
Seedling forage yields3 
Pedigree 
Seed weight 
(gms./300 seeds) 
°Stand 
(Seedlings/ 
3 feet of row) 
(gms./5 feet of row) 
Adjusted for 
Observed stand 
213-4 0.71 90 63 69 
222-12 0.82 97 6 7 70 
230-17 0.86 100 71 73 
232-15 0.81 95 56 60 
261-34 0.84 131 88 78 
305-43 0.76 0108 57 56 
309-43 0.73 77 45* . 56 
339-53 0.74 71 55 68 
346-70 0.85 83 74 82 
366-78 0.94 86 62 69 
370-80 1.05 102 . 62 63 
408-47 0.91 101 79 80 
428-60 0.97 86 • 52 59 
435-52 0.87 95 68 72 
445-65 1.13 83 59 67 
454-65 0.95 124 92 85 
458-65 0.73 lOo 80 79 
460-70 0.98 85 85 93 
464-79 0.64 111 60 58 
467-77 0.94 81 84 94 
477-71 0.77 103 62 63 
514-85 1.08 76 66 78 
518-87 1.03 126 78 70 
524-84 0.98 118 86. 81 
531-89 0.69 90 • 74 80 
552-92 0.75 86 55 62 
567-98 0.80 89 54 60 
574-99 0.78 - 74 51 64 
576-94 0.84 90 59 65 
577-98 0.77 68* 65 79 
EB-12 0.87 86 68 76 
EB-2Ô 0.95 94 66 70 
WB-50 0.80 77 62 73 
WB-80 0.88 116 65 60 
SB-2 0.83 97 62 65 
Fischer 0.76 112 75 72 
Grand mean 0.89 105 71 71 
Range 0.60-1.26 
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Table 34. Mean stands and seedling forage yields of polycross 
progenies of ?0 Sq and Sg clones in comparison with 
the variety Fischer in 1957 ° 
Pedigree 
Stand 
(Seedlings/3 
feet cf roi.') 
Seedling forage yields® 
(gms./5 feet or row) 
Adjusted for 
Observed etand 
7 145 44 42 
8 139 62 60^* 
208 144 41 38 
15 145 36 34 
214 157 51 47 
19 168 52 46 
22 133 40 39 
220 136 38 37 
23 137 43 42 
222 128 42 42 
24 148 44 40 
28 155 45 41 
226 116 42 44° 
31 162 53 47 
227 143 47 45 
34 146 51 48 
231 112* 42 45 
40 114* 38 41 
235 130 40 39 
42 163 50 45 
44 154 60 0 55* 
238 104* 40 44 
46 108w 58 62** 
239 134 33 33 
52 142 36 34 
aDry weight yields of above ground parts harvested 75 days after 
planting on April 16, 1957 
•Significantly above or below Fischer at 5$ level of probability 
••Significantly above or below Fischer at the 1$ level of 
probability <, 
o 
24l 
53 
244 
56 
59 
61 
63 
251 
65 
253 
67 
254 
74 
260 
75 
262 
76 
77 
79 
470 
90 
269 
383 
436 
438 
457 
465 
466 
471 
475 
489 
503 
508 
509 
510 
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(Continued.) 0 
Seedling forage yields3. 
Stand (gms. /5 feet of row) 
(Seedlings/3 Adjusted for 
feet of row) Observed stand 
139 41 39 
155 42 37 
120 40 42 
132 48 48 
140 48 47 
165 58 52 
137 44 43 
146 40 37 
135 32 31* 
102* 32 37 
125 41 42 
146 38 35 
126 47 48 
. 150 45 42 
0 152 0 47 43 
Î33 47 46 
156 48 43 
139 55 53 • 
163 53 47 
133 42 41 
146 50 48 
144 40 37 
56** 31 44 
139 58 57* 
113* 46 49 
81** 32 41 
139 43 42 
144 41 38 
129 44 44 
. 39** 23** 39 
22** 14** 33 
90** 40 46 
165 58 52 
151 42 38 
45** 40 55* 
o 117 
Table Jk. (Continued.) 
Pedigree 
Stand 
(Seedlings/3 
feet of row) 
Seedling forage yields3 
(gms./5 feet of row) 
Adjusted for 
Observed stand 
521 105* 44 49 
527 96** 35* 41 
533 107* 0 44 48 
547 151 41 38 
561 78** 0 
22** 31* 
567 39** 18** 34 
585 181 58 49 
613 138 50 48 
623 151 55 52 
618 161 61 56* 
Fischer 15* 46 42 
Grand mean 130 44 44 
